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12 

Chomatodus lamelliformis. PI. xxvii. 

f. 23 

Cladacanthus paradoxus. PI. xxvi. 

f. 1-5 

Cladodus Homei. PI. xxvii. f. 11... 

mucronatus. PI. xxvii. f. 1 0. .. 

striatus 

Copodus cornutus. PI. xxvii. f. 22 
Ctenopetalus crenatus. PL xxvii. 

f. 18 

Cyrtonodus gibbus. PI. xxvii. f. 1 , 6 
Deltopiychius plicatus, PL xxvi. 

f. 13, 14 

Liclitodus scitulus. PL xxvii. f. 12 ^ 
Diplacodus btUboides. PL xxvii. 

f. 20 

Echinodus paradoxus, PL xxvii. 

f. 10 


lYoredale Rocks .1 


Yorkshire 


Glyphanodus tenuis. PL xxvii. f. 8 
Gomphacanthus acutus. PL xxvi. 

f. 9 

Hemicladodus unicuspidatus. PL 

xxvii. f. 24 

Lophodus angularis. PL xxvi. f. 25 

bifurcatus. PI. xxvii. f. 5 

conicus. PL xxvi. f. 18 

laevis 

reticulatus. PL xxvii. f . 2 ... 

serratus. PL xxvii. f. 19 ; 

Megalichthys Hibberti 

. PL xxvi. f. 8 ' 

Petalodopsis tripartitus. PL xxvi. 

f. 16 

Petalodus acuminatus. PL xxvi. 

f. 10 

Physonemus hamatus. PL xxvi. f. 6 
Pleurodus Woodi. PL xxvii. f. 

14-17 

Pfficilodus comigatus. PL xxvii. 

f. 21 

Pristicladodus concinnus. PL xxvi, 

f. 15 

— dentatus. PL xxvii. f . 4 

Pristodus falcatus. PL xxvi. f. 19, 

20 

Psammodus rugosus 

Sandalodus minor, PI. xxvi. f. 1 7. .. ; 


Coal-measures... 


Yorkshire 


Yoredale Rocks . 


I Yorkshire 


I 630 
I 625 

617 
619 
619 

619 
623 

623 
631 

628 
< 623 

633 

631 

621 

618 

620 
628 
628 
627 
627 
626 
627 
347 

' 633 

622 

624 
i 617 


624 

625 

621 

620 


623 

629 

626 
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xvi 


Name of Species. 


Formation. 


Locality. Pag:e. 


Vbrtebrata {cmtmued). 

{Batrachia,) 

Bhytidosteus capemis. Pis. xvi., xvii. {Trias {South Africa ... | 33JV 

{Mammalia.) 

Gazella anglica. PI. xiv IPliocene {Britain 284 

Tritylodon longdEVUH. PI. vi {Trias (South Africa ... 14(> 



EXPLANATIOIJT OF THE PLATES. 


Plate Page 

j ( Structure is Cliff, Torcross, to illustrate Prof. Bonuej's 
' I paper ou the Geology of the South-Devou Coast 1 

f Sections of Rocks of Monte Soinnm and Vesuvius, to illus- 
* \ trate Dr. U. J. Johnston-La vis’s paper on their geology... 35 

jy' 1 British Cretaceous Xucurji).F., to illustrate Mr. J. S. Qard- 
y* j ner’s paper on those fossils 120 

r Skull of Tritylodon longavus, to illustrate Sir Richard 
^ * \ Owen’s paper on a Triassic Mammal from South Africa... 146 

f Stkeptelasma Ecemeri, to illustrate Prof. P. M. Duncan’s 
I paper on that Coral 167 

VITI. ] 

IX. I Thacks op Terrestrial and Freshwater Ani.mals, to illus- 
X. ( trate Prof. T. M‘'K. Hughes’s paper on that subject 178 

XI. J 

XTT. r Rock-sections, to illustrate Mr. J. J, H. Toall’s paper on 

XIII. \ some North-of-England Dykes 209 

[ Horn-cores of Gazclla anglica, to illustrate Mr. E. T. New- 

XIV. I ton’s paper on Antelope-remains in Newer Pliocene Beds 

I in Britain 280 


^y r Shells from Bridlington Quay, to illustrate Dr. J. Qwyn 
’ \ Jeffrey s’s descriptions 319 

XVI. f Skull of Iihytido»teus capcnsis, to illustrate Sir Richard 
XVII. \ Owen’s paper on that Amphibian 333 

XVIII Strain in Vitreous Rocks, to illustrate Mr. P. 

' \ Rutley’s paper on that subject 340 

XIX I from the White Lias &c. of England and W’ales, to 

* \ illustrate Mr. R. F. Tomes’s paper on those fossils 353 

yy f Sketch-Map of Guernsey, to illustrate Rev. E. Hill’s paper 

■ \ on the Geology of that Island 404 
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XXII Zaphrentoid Corals fVom Devonshire, to illustrate Mr. A. 
XXT TT Champemowne’s paper on those fossils 497 

yyj Y f Map of the St. David’s district, to illust rate Dr. Hicks’s paper 

‘ I on the Pre-Cambrian Eocks of Pembrokeshire 507 

vyy / Zeillepia delicatula, to illustrate Mr. E. Kidston’s paper 

' t on the fructification of that Fern 590 

XXVT. IFosful Frsii-RFMAtys from Yorodale Eocks, in WensIejdaJe, 
XXVII. J to illustrate Mr. J. W. Davis’s paper on those fossils 614 

yY VITT / CoNoCERAS LLANVIRNENS18, to illustrate Mr. T. Eoberts’s de- 

‘ \ Bcription of that fossil 03 g 

XXIX. / of the Whin Sill, to ilhistrato Mr. J. J. H. Teall’s 


paper on its rocks . 


XXX. 1 Austra 


LiAN CvcLosTOMATous Bryozoa, to illustrate Mr. A. 


W. Waters’s j>apcr on those fossils 


XXXI?. 


XXXTT / Oolitic Corals from the Boulonnais, to illustrate Mr. E. F. 

* [ Tomes’s paper on those fossils ....*691 

VVVTTT f OiiALK from the zone of Bckmnites plcnus, to 

AAA I II. < illustrate Prof. Judd’s paper on the deep borine at Eich- 

l ” ^24 

wvTtr and Ostraooda from tbe deep boring at Eich- 

XXXr?. < mond, to illustrate Prof. T. Eupert Jones’s paper on those 

L fossils ygg 

XXX?. ( Oalctsponger from the well-boring at Eichmond, to illustrate 

t Dr. U. d. Ilinde s paper on those fossils 775 



EBRATA ET CORRIGENDA. 

Page 166, line 4. for 480 ” read “ 380/’ 

Page 332, line 10, for in the fossil state ” read “ in the Mesosoic Rocks.'* 

Page 492, line 7 from bottom, Jof “ Lincolnshire ” read “ Leicestershire.” 

Page 508, lines 6 and 7 from bottom, for ** by those who ha^e, of recent years, 
devoted all their time ” read “ by oil those who have, of recent years, 
devoted their time.” 




PEOCEEDINGS 


OF THE 


GEOLOGICAL SOCIETY OF LONDON. 


SESSION 1883-S4. 


November 7, 1883. 

J. W. Hxjlke, Esq., F.R.S., President, in the Chair. 

James Diggle, Esq., Assoc. M. Inst. C.E., The Hollies, Heywood, 
Manchester ; Charles Anderson Eerrier, Esq., F.L.S., 54 Free Grove 
Hoad, N. ; and Prof. W. Stephens, M.A., University of Sydney, New 
South Wales, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “ On the Geology of the South Devon Coast from Tor Cross to 
Hope Cove.- - By Prof. T. G. Bonney, M.A., F.R.S., Sec. G.S. 


2. “ Notes on BrocchTs collection of Subapennine Shells.” By 
J. Gwyn Jeflireys, Esq., LL.D., F.R.S., F.G.S. 


3. “ British Cretaceous Nuculidae.” By John Starkie Gardner, 
Esq., F.G.S. 

Rock-specimens and microscopic sections were exhibited by Prof. 
T. G. Bonney, in illustration of his paper. 
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November 21, 1883. 

J. W. Helke, Esq., F.E.S., President, in the Chair. 

The list of Donations to the Library was read. 

The folio' /iug communications were read : — 

1. “ On the Skull and Dentition of a Triassic Mammal {Tritylodon 
loncfcevus^ Ow.) from South Africa.’’ By SirB. Owen, K.C.B., E.E.S., 
F.G.S. 


2. “ Cranial and Vertebral Characters of the Crocodilian genus 
Flesiosuchus, Owen.” By Sir E. Owen, K.C.B., F.E.S., F.G.S. 

3. “On some tracks of Terrestrial and Freshwater Animals.” 
By Prof. T. M®Kenny Hughes, M.A., F.G.S. 


The following objects were exhibited : — 

Specimens exhibited by Sir E. Owen and Prof. Hughes in illustra- 
tion of their papers. 

Two largo photographs of Kimberley Diamond Mine ; also a new 
Geological Map of a part of the Orange Free State, by the late 
G. W. Stow, F.G.S., exhibited by Prof. T. Eupert Jones, F.E.S., 
F.G.S. 

Eecent tracks on mud from near Mundesley, exhibited by E. T. 
Newton, Esq., F.G.S. 


December 5, 1883. 

J. W. Helke, Esq., F.E.S., President, in the Chair. 

George Jonathan Binns, Esq., Government Inspector of Mines, 
Dunedin, New Zealand ; Horace T. Brown, Esq., 47 High Street, 
Burton-on- Trent ; James Dairon, Esq., 4 Garden Street, Glasgow; 
Eodolph De Salis, Esq., B.A., Portnall Park, Ascot, Berks ; Hugh 
Exton, M.D., J.P., Hon. Curator of the National Museum, Bloem- 
fontein, Orange Free State, South Africa ; John Forrest, Esq., 
C.M.G., Perth, ‘Western Australia; Prof. Bernard J. Harrington, 
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B.A., Ph.D., McGill College, Montreal; James Patrick Howley, 
Esq., Assistant Geologist of Newfoundland, St. John’s, N.F. ; John 
Sylvester Hughes, Esq., M. Inst. C.E., Portmadoc, North Wales; 
Prof. George T. Kennedy, M.A., B.A.Sc., King’s College, Windsor, 
Nova Scotia ; Eev. Arthur Noel Malan, M.A., Eagle House, Wim- 
bledon ; Kobert Sydney Milles, Esq., Hobart, Tasmania ; Edwin 
Badford, Esq., 160 Coningham Eoad, Uxbridge Eoad, W'. ; Edward 
Pierson Eamsay, Esq., E.L.S., Commissioner of N. S. Wales 
Fisheries and Curator of the Australian Museum, Sydney, N. S. 
Wales ; William Henry Eands, Esq., Assoc. E.S.M., Geological 
Survey of Queensland, Brisbane; Thomas Eoberts, Esq., B.A., St. 
John’s College, Cambridge ; Joseph Eidgway, Esq., 32 Shaw Eoad, 
Dudley, Worcestershire ; and Harry Page Woodward, Esq., Geolo- 
gical Survey of South Australia, Adelaide, were elected Fellows of 
the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “On the Cambrian Conglomerates resting upon and in the 
vicinity of some Pre-Cambrian Eocks (the so-called intrusive 
masses) in Anglesey and Caernarvonshire.” By Henry Hicks, 
M.D., F.G.S. 

2. “ On some Eock-specimens collected by Dr. Hicks in Anglesey 
and N.W. Caernarvonshire.” By Prof. T. G. Bonney, D.Sc., F.E.S., 
Sec.G.S. 

.3. “ On some Post--glacial Eavines in the Chalk- Wolds of Lincoln- 
shire.” By A. J. Jukes-Browne, Esq., F.G.S. 


The following specimens were exhibited ; — 


Eock-specimens, exhibited by Dr. Hicks, in illustration of his 
paper. 

A Stick made from wood from the Buried Forest discovered in 
excavating the Prince’s Dock, Bombay, the circumstances of which 
are described by Mr. Medlicott in the Eecords of the Geological 
Survey of India, exhibited by Capt. A. W. Stiffe, I.N., F.G.S. 
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December 19, 1883. 

J. W. Hulke, Esq., F.Il.8., President, in the Chair. 

Hev. W. R. Andrews, M.A., Teffont Rectory, Salisbury ; Robert 
James Erecheville, Esq., Truro ; and Rev. Philip R. Sleeman, 
05 Pembroke Road, Chftoii, Rristol, were elected Fellows of the 
Society. 

The List of Donations to the Library was read. 


The following Donations to the Museum wore announced : — 

Specimens of the so-callcd Miocene fossils from South Australia 
and Yictoria, presented by Prof. Raljih Tate, F.G.S., and a Stick 
made from wood from the Buried Forest discovered in excavating 
the Prince’s Dock, Bombay, presented by Capt. A. W. Stiffe, I.N., 

F.G.S. 

The Secretary read the following note from Capt. Stiffe in re- 
ference to the latter specimen : — 

“I wish to offer the Society a piece of wood buried 

forest discovered on excavating the Prince’s Dock, Bombay. The 
circumstances are described in a paper in the ‘ Geological Survey 
Records of India ’ by Mr. Medlicott. The lowest part of the forest 
was about Id feet below low-water springs, and the trunks of trees 
were found in nitn and imbedded in a blue clay Ipng beneath 4 
or 5 feet of recent marine mud. The thickness of the blue clay 
does not appear to be given. 

“It is curious that a log which was considered to have been 
charred by fire was found associated with the trees of the buried 
forest ; other wood was found which apparently had drifted into 
the same area. 

“The area excavated for the dock was 30 acres, but similar wood 
has been dredged up beyond those limits while deepening the ap- 
proaches. The unaltered state of the wood is noteworthy. 

“ Arthur W. Stiffe, F.G.S.” 

The following communications were read ; — 

1. “ On some Remains of Fossil Fishes from the Yoredale Series 
at Leyburn in Wensleydale.” By James W. Davis, Esq., F.G.S. 

2. “ Petrological Notes on some North-of -England Dykes.’’ By 
J. J. H. Teall, Esq., M.A., F.G.S. 
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3. ^‘The Droitwich Brine Springs and Saliferous Marls.” By 
C. Parkinson, Esq., E.G.S. 


The following specimens were exhibited : — 

Rock-sections and specimens, exhibited by J. J. H. Teall, Esq., 
F.G.S., in illustration of his paper. 

A large mass of Tellurium from Turkey, exhibited on behalf of 
F. Claudet, Esq., by John Arthur Phillips, Esq., F.R.S., F.G.S. 


January 9, 1884. 

J. W. Hulke, Esq., F.R.S., President, in the Chair. 

Patrick Doyle, Esq., Madras; Alfred Harker, Esq., B.A., St. 
John’s College, Cambridge ; Rev. Frederick Hastings, 7 Euston 
Square, London, N.AV.; Rev. John Milne-Curran, Dubbo, New 
South Wales ; and William Ford Stanley, Esq., Cumberlow^ South 
Norwood, wx*re elected Fellows, Prof. G. Capellini, of Bologna, a 
Foreign Member, and M. Alphonse Briart, of Mons, a Foreign Cor- 
respondent of the Society. 


The List of Donations to the library was read. 

The following communications were read ; — 

1. “ On the Volcanic Group of St. David’s,” By the Rev. Prof. 
J. F. Blake, M.A., F.G.S. 

2. “ On further Discoveries of Vertebrate Remains in thoTriassic 
Strata of the South Coast of Devonshire, between Budleigh Salterton 
and Sidmouth.” By A. T. Metcalfe, Esq., F.G.S. 

Rock-specimens and microscopic rock-sections were exhibited by 
Prof. Blake in illustration of his paper. 
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January 23, 1884. 


R. Etheridge, Esq., F.R.8., Vice-President, in the Chair. 

\ 

George Henry Nelson, Esq., M.A,, Middle Schools, Canterbury, 
and John Philip Spencer, Esq., Assoc. M. Inst. C.E., 7 Dean Street, 
Nowcastle-on-Tyne, were elected Fellows of the Society. 

The following name of a Fellow of the Society was read out for 
the second time from the Chair in conformity with the Bj e-laws, 
Sec. VI. B, Art. 6, in consequence of the non-payment of the arrears 
of his contribution : — T. R. Mellor, Esq. 


The list of Donations to the Library was read. 

The following communications were read ; — 

1. ‘‘On the Seiyentine and associated Rocks of Porthalla Cove.*’ 
By J. H. Collins, Esq., F.G.S. 

2. “ Outline of the Geology of Arabia.” By C. M. Doughty, Esq. 
Communicated by Prof. T. G. Bonney, D.Sc., F.E.S., F.G.S. * 


The following objects were exhibited 


Rock-specimens, exhibited by J. H. Collins, Esq., F.G.S., in illus- 
tration of his paper. 

Flint implements, from the gravel of Arabia Petrsea, exhibited by 
C. M. Doughty, Esq., in illustration of his paper. 


♦ This paper has been withdrawn by the author by permission of the 
Council. 
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February 6, 1884. 


J. W. Htjlke, Esq., F.E.S., President, in the Chair. 


Edward John Dunn, Esq., Oaklands, Claremont, near Cape Town, 
was elected a Fellow, and Dr. Joseph Szabo, of Buda-Pest, a 
Foreign Member of the Society. 


The List of Donations to the Library was read. 


The following communications were read : — 

1. “A Delta in Miniature. — Twenty-seven years’ work.” By T. 
Mellard lieade, Esq., F.G.S. 


2. “On the Nature and Kelations of the Jurassic Deposits which 
underlie London.” By Prof. John W. Judd, F.E.S., Sec.G.S. With 
an Introductory Note on a Deep Boring at Eichmond, Surrey, by 
Collett Homersham, Esq., Assoc. M. Inst. C.E., F.G.S. 


Prof. Bonney called attention to a rock-specimen exhibited by 
Mr. E. N. Worth, F.G.S., and by him named Trowlesworthite. It 
consisted chiefly of reddish orthoclase, purple fluor, and black schorl, 
in intimate association with quartz, and was found by Mr, Worth 
as a loose block on Trowlesworthy Tor. The rock appeared to be 
the result of a peculiar alteration of the granite of the district, in 
which black mica had been altered into tourmaline, some of the 
felspar had been replaced by schorl and quartz, and the original 
quartz constituents by fluor spar. Professor Bonney, who had ex- 
amined the rock microscopically for Mr. Worth, stated the reasons 
which led him to believe that the last-named unusual change had 
taken place. 


The foUowing specimens were exhibited : — 


Specimens, exhibited by Prof. J. W. Judd, F.E.S., Sec.G.S., and 
C. Homersham, Esq., F.G.S., in illustration of their paper. 

A specimen of Trowlesworthite, exhibited by E. N, Worth, Esq., 
F.G.S. 
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A Specimen of the highest rock, about 19,000 feet, on Chimborazo 
(20,703 feet), and one from the summit of Cotopaxi, 19,498 feet, 
collected by E. Whymper, Esq,, exhibited by Prof. T. G. Bonney, 
D.Sc., F.1{.S. ^ ^ 


A specimen from the bottom of the Gayton boring, exhibited by 
R. Etheridge, Esq., E.E.S. 

Specimens of cores from well-borings at Kentish Town, Meux’s 
Brewery, and H.M. Dockyard, Chatham, and of coal from the Chalk 
near Dover, exhibited by W. Topley, Esq., F.G.S., on behalf of the 
Director-General of the Geological Survey. 
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ANNUAL OENEBAL MEETING, 


February 15, 1884. 


J. W. Hulke, Esq., F.R.S., President, in the Chair. 


EePORT of the CotTECIL FOR 1883. 

In presenting their Eeport for the year 1883, the Council of the 
Geological Society think that they may fairly congratulate the 
Fellows upon a decided improvement in the state of the Society’s 
affairs, when compared with that shown in their last year's Eeport. 
The Income of the Society was greater, and the Expenditure less in 
1883 than in 1882 ; and there was a marked increase in the iiiimhcr 
of Fellows elected, and especially in the number of contributing 
Fellows. 

The number of Fellows elected diuing the year is 60, of whom 
50 paid their fees before the end of the year, making, with 7 pre- 
viously elected Fellows who paid their fees in 1883, a total accc‘ssion 
during the year of 57 Fellows. Against this we have to set the loss 
by death of 28 Fellows, and by resignation of 12 Fellows, while 
8 Fellows were removed from the list for non-payment of contri- 
butions, making a total loss of 48 Fellows. This would give an 
increase upon the year of 9 Fellows, but in April last the attention 
of the Council was called to the number of names which had been 
standing for years, without any addresses, upon the List of Fellows, 
and after due consideration it was resolved that the names of all 
those FeEows whose addresses were unknown, and whose election 
dated back before the Incorporation of the Society in 1826, should 
be removed from the list of Follows. In accordance with this 
resolution the names of 12 Fellows were removed from the list, 
producing an apparent decrease of 3 in the number of Fellows. 
The names of 3 Honorary Members, whose election dates from the 
years 1808 and 1809, were also removed. Of the 28 Fellows 
deceased 2 were compounders, and 13 non-contributing Fellows, 
while 3 non-contributing Fellows became resident ; and thus the 
number of contributing Fellows is actually increased by 22, being 
now 822. 

The total number of Fellows and Foreign Members and Corre- 
spondents was 1441 at the end of the year 1882, and 1434 at the 
end of 1883. 

At the end of the year 1882 there was 1 vacancy in the list of 
Foreign Members ; and during 1883 intelligence was received of the 
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death of 4 Foreign Members. Two of these vacancies in the list of 
Foreign Members were filled np by election during the year, and a 
third by the reinstatement of the name of a Foreign Member whose 
death had been erroneously reported. In the list of Foreign Corre- 
spondents there was 1 vacancy at the end of 1882 ; intelligence was 
received of the death of 1 Foreign Correspondent in 188*^ ; and these 
losses, with the fiUing-up of the above-mentioned vacancies in the 
list of Foreign Members, produced 4 vacancies in the list of Foreign 
Correspondents, 3 of which wore filled up during the year. Thus at 
the close of 1883 there were 2 vacancies in the list of Foreign 
Members, and 1 in that of the Foreign Correspondents. 

The total Ecceipts on account of Income for the year 1883 were 
.£2075 105. 8c/., being £68 I 5 . 9d. more than the estimated Income 
for the year. The total Expenditure, on the other hand, amounted 
to <£2413 45. 4c/., or <£165 115. 5d, less than the estimated Expen- 
diture of the year. The excess of Income over Expenditure was 
therefore £262 O 5 . 4d, 

The Council have to announce the publication during the past 
year of Mr. Ormerod’s Second Supplement to his Classified Index to 
the publications of the Society. 

The Council have also to announce the completion of Yol. XXXIX. 
and the commencement of Vol. XL. of the Society’s Quarterly 
Journal. 

The Council have awarded the Wollaston Medal to Professor 
Albert Gaudry, F.M.G.S., in recognition of the value of his Palaeon- 
tological researches, and the important scientific generalizations 
which he has founded u])on his careful and laborious observations. 

The Murchison Medal, with the sum of Ten Guineas from the 
proceeds of the Fund, has been awarded to Dr. Henry Woodward, 
F.E.S., I.G.S., in testimony of appreciation of his valuable re- 
searches into the structure and classification of the Fossil Crustacea, 
especially the Merostomata and Trilobita, and of his services to the 
progress of Geology in Great Britain by conducting tho Geolo- 
gical Magazine for nearly twenty years. 

The Lyell Medal, with a sum of Twenty-five Pounds from the pro- 
ceeds of the Fund, has been awarded to Dr. Joseph Leidy, F.M.G.S., 
in recognition of his valuable contributions to Palajontology, especi- 
ally his investigations upon the Fossil Mammalia of Nebraska and 
the Fossil Sauria of the United States of North America. 

The balance of the proceeds of the Wollaston Donation Fund has 
been awarded to Edwin TuUey Newton, Esq., F.G.S., in testimony 
of appreciation of his researches among the Pleistocene Mammalia 
of Great Britain, and to assist him in the prosecution of further in- 
vestigations of a like kind. 

The balance of the proceeds of the Murchison Geological Fund has 
been awarded to Martin Simpson, Esq., in recognition of the value 
ol ms researches among the Jurassic rocks of Yorkshire, and espe- 
cially upon the classification and distribution of the Ammonitidm, 
and to aid him m carrying out further investigations of a similar 
nature. 
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The balance of the proceeds of the Lyell Geological Fund has been 
awarded to Professor C. Lap worth, F.G.S., in recognition of the 
value of his researches into the Palaeontology and Physical Struc- 
ture of the older rocks of Great Britain, carried on frequently under 
unfavourable circumstances and to the injury of his health, and to 
aid him in the prosecution of similar investigations. 

A sum of Twenty Pounds from the proceeds of the Earlow-Jameson 
Fund, has been awarded to Professor Leo Lesciucreux, F.C.G.S., in 
testimony of appreciation of his researches into the Palaeobotany of 
North America ; and a like sum from the same source to Dr. James 
Croll, F.B-.8., in recognition of the value of his investigations into 
the later physical history of the earth ; and to aid them in further 
researches of a similar kind. 


Keport of the Library and Museum Committee. 


Library^ 

Since the last Anniversary Meeting a great number of valuable 
additions have been made to the Library, both by donation and by 
purchase. 

jAs Donations the Library has received about 105 volumes of sepa- 
rately published works and Purvey Reports, and about l?;>4 Pamphlets 
and separate impressions of Memoirs ; also about 15S voluiucs and 
135 detached ])arts of the ])ublieations of \ariou.s Societies, and 15 
volumes of independent Periodicals presented chicdly by tlieir re- 
spective Editors, besides 10 volumes of Newspaj)ers of various 
kinds. This will constitute a total addition to the Society's Library, 
by donation, of about 2\)7 volumos and 23-1 2 )ain])hlets. 

A considerable number of Maps, Plans, and Sections have been 
added to the Society’s collections by iiresentation, chietly from various 
Geological Surveys, from the Ordnance Survey of Great Britain, and 
from the French Depot de la Marine. They amount all together to 
356 sheets, and include 296 sheets, largo and small, from the Ord- 
nance Survey, and 28 sheets from the Depot de la Marine ; the 
remainder being for the most part the Maps of the Geological 
Surveys of Belgium, New Jersey, Norway, Saxony, Sweden, and 
Switzerland. 

The Books and Maps above referred to have been received from 
120 personal Donors, the Editors or Publishers of 15 Periodicals, 
and 148 Societies, Surveys, and other Public Bodies, making in aU 
283 Donors. 

By Purchase, on the recommendation of the Standing Library 
Committee, the Library has received the addition of 88 volumes of 
Books, and of 91 parts (making about 30 volumes) of various 
Periodicals, besides 49 parts of certain works published serially. 
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Of the Geological Survey Map of France 8 sheets have been obtained 
by purchase; and the Society has also purchased a copy of the 
‘ Geologische Karte von Centri-Europa ^ by Dr. H. Bach. 

The cost of Books, Periodicals, and Maps purchased during the 
year 1883 was £94 4s. If?., and of Binding £61 15s., making a 
total of £155 19s. Ic?. Two new Bookcases were added to the 
Library in 1883, at a cost of £30 17s. 


Museum, 

The Collections in the Museum remain in much the same con- 
dition as at the date of the last Eeport of the Committee. 

During the year 1883 several interesting Donations were 
made to the Museum. These include : — A round boulder from a 
pothole in the Yuba Eivcr, and rock-specimens from the Sierra 
Buttes Mine, California, presented by F. Tendron, Esq., F.G.S. ; a 
collection of 30 Microscopic slides of Placer Gold from California, 
presented by the 8tato Mineralogist, II. G. Hanks, Esq. ; Fossil 
Plants from the Cape-Breton Coal-measures, presented by C. Barring- 
ton BroAvn, Esq., E.G.S. ; a scries of Hocks and Fossils from Japan, 
presented by Prof. John Morris, M.A., F.G.S. ; Rock-specimens 
from William’s Canon, Colorado, presented by II. Bauerman, Esq., 
F.G.S. ; a waterworn pebble of Galena from Miuera, Wrexham, 
presented by Dr. C. Le l^eve Foster, F.G.S. ; specimens of the so- 
called Miocene Fossils fi’om Southern Australia, presented by Prof. 
Ralph Tate, F.G.S. ; and a specimen of wood from a buried forest 
at Bombay, presented by Capt. A. W. Stiffe, I.N., F.G.S. 


Comparative Statement of the Number of the SociEir at the 
CLOSE OF the years 1882 AND 1883. 



Dec. 31, 1882. 

Dec. 31, 1883. 

Compounders 

312 . . 

313 

Contributing Fellows 

800 

822 

Non- contributing Fellows . 

248 

222 


1360 

1357 

Honorary Members 

3 

0 

Foreign Members 

39 

38 

Foreign Correspondents. . . 

39 

39 


1441 

1434 
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Gmeral Statement explanatory of the Alterations in the Number of 
Fellows^ Honorary Members^ ^c, at the close of the years 1882 and 
1883. 


Number of Compounders, Contributing and Non- 

contributing Fellows, December 31, 1882 

Add Follows elected during former year and paid ^ 

in 1883 ' 

Add Fellows elected and paid in 1883 50 


1417 

Deduct Compounders deceased 2 

Contributing Fellows deceased 13 

Non-contributing Fellows deceased .... 13 

Contributing Fellows resigned 12 

Contributing Fellows removed 8 

Compounders taken ofF List of Fellows * 2 


Non-contributing Fellows taken off List 1 ^ 


Number of Honorary Members, Foreign 1 
Members, and Foreign Correspondents, I 

December 31, 1882 J 

Deduct Foreign Members deceased 4 

Foreign Correspondent deceased .... 1 

Foreign Correspondents elected 1 

Foreign Members J 

Honorary Members taken off List 1 q 
of Fellows^ J 


81 


10 


1357 


71 

Add Foreign Members elected 2 

Foreign Member, name restored to) 

List of Fellows j 

Foreign Correspondents elected 3 

— 6 

— 77 


1434 


* See Import of the Council, p. 9. 
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Deceased Fellows. 
Compounders (2). 

Harcourt, E. Y. Y., Esq. | Overstone, Lord. 


Resident and other Contrihutiny Fellows (13). 


Bolam, H. G., Esq. 
Cowlishaw, J., Esq. 
Drew, Dr. J. 

Forbes, ^Y. A., Esq. 
Greaves, C., Esq. 
Hale, It. B., Esq. 
Herbert, W. H., Esq. 


Hudson, E., Esq. 

Kennedy, M., Esq. 

Pickup, P., Esq. 

Eobert des Euffieres, C., Esq. 
Eumble, T. W., Esq. 

Young, L. H. G., P]sq. 


Non-contrihutiny Fellows (13). 


Babingtou, W., Esq. 
Boase, J)r. H. S. 
Brown, T., Esq. 
Chambers. Dr. W. 
Griijdrofl/j)r. 1?.. B. 
.Taimccy, AV., Esq. 
Lyndc, J. G., Esq. 


1 McClelland, J., Esq. 

Alinton, 8., Esq. 

I Mitchell, J., Esq. 

I Talbot de Malahide, Lord, 
i Taylor, AV., Esq. 

I AViW, AY L., Esq. 


Foreign Members (4). 

Barraude, M. Joachim. j Merian, Prof. P. 

Heer. Prof. Oswald. j Nilsson, Prof. S. 


Foreign Correspondent. 
Coquand, M. Henri. 


Names taken off the List of Felh 

Bowles, AV., Esq. 

Copland, A., Esq. 

Evans, Eev. E. 

Eaton, J., Esq. 

Harris, AV., Esq. 

Hartwell, F,, Esq. 

Lefevre, H. F. S., Esq. 
Mackenzie, C., Esq. 

* See Eeport of 


fs hy order of the Council^ (15). 

Meyer, Dr. C. 

Picquot, A., Esq. 

Skene, J., Esq. 

AYalker, J., Esq. 

AVilkinson, J. B., Esq. 

AYilson, J., Esq. 

AYilson, J., Esq. 

le Council, p. 9. 
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Fellows Resigned (12). 


Abbay, Bev. E. 
Devincenzi, II Comm. G. 
Dixon, J., Esq. 

Flight, Dr. W. 

Gledhill, J., Esq. 
Grenfell, Eev. A. S. 


Crompton, Eev. J. 
Dawes, J. T., Esq. 
Dorrington, James, Esq. 
Harto, J., Esq. 


Irvine, D. E., Esq. 
Murphy, J. J., Esq. 
Oldfield, E. C., Esq. 
Eathbonc, E. P., Esq. 
Eolleston, J. F. L., Esq. 
Snell, J., Esq. 

Removed (8). 

Plant, E., Esq. 

: Ehys, L., Esq. 

I Smyth, S. E., Esq. 

I Swete, Dr. E. H. W. 


The following Personages were elected from the List of Foreign Cor- 
respondents to Jill the vacancies in the List of Foreign Members 
during the year 1883. 

Professor J. S. Newberry of New York. 

Professor 0. M. Torell of Stockholm. 


The following Personages were elected Foreign Correspondents during 
the year 1883. 

M. Franpois L. Comet of Mons. 

* Baron F. von Eichthofen of Leipzig. 

Professor Karl A, Zittel of Munich. 


After the Eeports had been read, it was resolved : — 

That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 
and distributed among the Fellows. 
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It was afterwards resolved : — 

That the thanks of the Society be given to J. W* Hnlke, Esq., 
retiring from the office of President. 

That the thanks of the Society he given to Professor P. M. Duncan, 
E. Etheridge, Esq., and Dr. J. Gwyn Jeffreys, retiring from the office 
of Vico-Presideut. 


That the thanks of the Society be given to Professor T. G. Bonney, 
retiring from the office of Secretary. 


That the thanks of the Society be given to Professor P. M. Duncan, 
E. Etheridge, Esq., Dr. A. Geikie, S. E. Pattison, Esq., and Professor 
H. G. Seeley, retiring from the Council. 


After the Balloting-glasses had been duly elosed, and the Lists 
examined by the Scrutineers, the following gentlemen were declared 
to have been duly elected as the Officers and Council for the ensuing 
year 
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OPFICEE8. 


PRESIDENT. 

Prof. T. G. Bonney, D.Sc., F.E.S. 


VICE-PRESIDENTS. 

W. Camitliers, Esq., F.E.S. 

John Evans, D.C.L., LL.D., F.E.S. 
J. A. Phillips, Esq., F.E.S. 

Prof. J. Prestwich, M.A., F.E.S. 


SECRETARIES. 

W. T. Blanford, Esq., F.E.S, 

Prof. J. W. Jndd, F.E.S. 

FOREIGN SECRETARY. 

W. W. Smyth, Esq., M.A., F.E.S. 

TREASURER. 

Prof. T. Wiltshire, M.A., F.L.S. 


COUNCIL. 


H. Banerman, Esq. * 

W. T. Blanford, Esq., F.E.S. 
Prof. T. G. Bonney, D.Sc., F.E.S. 
W. Carruthers, Esq., F.E.S. 

John Evans, D.C.L., LL.D., F.E.S. 
Col. H.H.Godwin-Austen, F.E.S. 
H. Hicks, M.D. 

Eev. Edwin Hill, M.A. 

G. J. Hinde, Ph.D. 

J. Hopkinson, Esq. 

Prof. T. M^^Kenny Hughes, M.A. 
J. W. Hulke, Esq., F,E,8. 


J. Gwyn Jeffreys, LL.D., F.E.S. 
Prof. T. Enpert Jones, F.E.S. 
Prof. J. W. Judd, F.E.S. 

J. A. Phillips, Esq., F.E.S. 

Prof. J. Prestwich, M.A., F.E.S. 
F. W. Eudler, Esq. 

W. W. Smyth, Esq., M.A., F.E.S. 
J. J. H. Teall, Esq., M.A. 

W. Topley, Esq. 

Prof. T. Wiltshire, M.A., F.L.S. 
j H. Woodward, LL.D., F.E,S. 
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LIST OF 

THE FOREIGN CORRESPONDENTS 

OF THE GEOLOGICAL SOCIETY OF LONDON, in 1883. 

Date of 
Election. 

1863. Dr. G. F. Jap:er, StvttgarU 
1863. Count A. G. Marschall, Vietum. 

1863. Professor G. Meneghini, Pisa. 

1863. Professor (liuseppe Ponzi, Rome. 

1863. Dr. F. Senft, Emmach. 

1864. Dr. Charles Martins, Montpellier. 

1866. Professor J. I\ Ijesloy, PhUadelphia. 

1866. Professor Victor Paulin, Bordeaux. 

1866. Baron Achille do Zigno, Padua. 

1870. Professor Joseph Szahd, Pesth. 

1871. M. Henri Coquaiid, Marseilles. (Deceased.) 

1871. Professor Giovanni Capellini, Bologna. 

1872. KeiT Dionys Stur, Viemia. 

1872. Professor J. D. WhitiK^y, Cambridge y V. S. 

1874. Professor Igiuo Cocchi, Elorencc. 

1874. M. Gustave TI. Cotteau, Auxerre. 

1874. Professor G. 8t‘gucnza, Messina. 

1874. Dr. T. C. Winkler, Haarlem. 

187o. Professor Gustav Tschermak, Vienna. 

1876. Professor Jules Gosselet, Lille. 

1877. Professor George J. Brush, Keic Haven. 

1877. Professor A. L. O. Des Cloizeaux, For. Mem. P.S., Paris. 
1877. Professor E. Penevier, Lausanne. 

1877. Count Gaston de Saporta, Aiv-en- Provence. 

1879. Professor PieiTo J. van Beneden, For.Mem.R.S., Louvain. 
1879. M. tdouard Dupont, Brussels. 

1879. Professor Guglielino Guiscardi, Naples, 

1879. Professor Gerhard Vom Path, Bonn. 

1879. Dr. Emile Sauvage, Paris, 

1880. Professor Luigi Bellardi, Turin. 

1880. Dr. Ferdinand von Hochstetter, Vienna. 

1880. Professor Leo Lesquereux, Columbus. 

1880. Dr. Melchior Neumayr, Vienna. 

1880. M. Alphonse Penard, Brussels. 

1881. Professor E. D. Cope, Philadelphia. 

1882. Professor Louis Lartet, Toulouse. 

1882. Professor Alphonse Milue-Edwai’ds, Paris. 

1883. M. Francois Leopold Cornet, Mons. 

1883. Baron Ferdinand von Pichthofen, Leipzig. 

1883. Professor Karl Alfred Zittel, Munich. 
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AWARDS OF THE WOLLASTOJf MEDAL 

UNDER THE CONDITIONS OF THE DONATION FUND 


ESTABLISHED BY 

WILLIAM HYDE WOLLASTON, M.D., F.R.S., F.G.S., &c. 

To promote researches concerning the mineral structure of the earth, 
and to enable the Council of the Geological Society to reward those 
individuals of any country by whom such researches may hereafter be 
made,” — ^^such individual not being a Member of the Council.” 


1831. Mr. William Smith. 

1835. Dr. G. A. Mantell. 

1836. M. L. Agassiz. 

1837 i Cautley. 

I Dr. H. Falconer. 

1838. Sir Hichard Owen. 

1839. Professor C. G. Ehrenberg. 

1840. Professor A. H. Dumont. 

1841. M. Adolphe T. Brongniart. 

1842. Baron L. von Buch. 

1843 I Beaumont. 

I M. P. A. Dufr^noy. 

1844. Rev. W. D. Conybeare. 

1845. Professor John Phillips, 

1846. Mr. William Lonsdale. 

1847. Dr. Ami Bou6, 

1848. Rev. Dr. W, Buckland. 

1849. Professor Joseph Prestwich. 

1850. Mr. William Hopkins. 

1851. Rev. Prof. A. Sedgwick. 

1852. Dr. W. H. Fitton. 

1853. I Vicomte A. d'Archiac. 

( M. E. de Vemeuil. 

1854. Sir Richard GrifEth. 

1855. Sir H. T. De la Beche. 

1856. Sir W, E. Logan. 

1857. M. Joachim Barrande. 

1 ftKft j Hermann von Meyer. 

I Mr. James Hall. 


1859. Mr. Charles Darwin. 

1860. Mr. Searles V. Wood. 

1861. Professor Dr. H. G. Bronn. 

1862. Mr. R. A. C. Godwin- Austen. 
1803. Professor Gustav Bischof. 

1864. Sir R. I. Murchison. 

1865. Dr. Thomas Davidson. 

1866. Sir Charles Lyell. 

1867. Mr. G. Poulott Scrope. 

1868. Professor Carl F. Naumann, 

1869. Dr. H. C. Sorby. 

1870. Professor G. P. Deshay es. 

1871. Sir A. C. Ramsay. 

1872. Professor J. D. Dana. 

1873. Sir P. de M. Grey-Egerton. 

1874. Professor Oswald Heer, 

1875. Professor L. G. de Koninck. 

1876. Professor T. H. Huxley. 

1877. Mr. Robert Mallet. 

1878. Dr. Thomas Wright. 

1879. Professor Bernhard Studer. 

1880. Professor Auguste Daubr^e. 

1881. Professor P. Martin Duncan. 
18*82. Dr. Franz Ritter von Hauer. 

1883. Mr. W. T. Blanford 

1884, Professor A. Gaudry, 



AlTinJAL EEPOKT. 


21 


AWAEDB 

OF THE 

BALANCE OF THE PROCEEDS OF THE WOLLASTON 
"DONATION-FUND.” 


1831. Mr. William Smith. 

1833. Mr. WiUihm Lonsdale. 

1834. M. Louis Agassiz. 

1835. Dr. G. A. ManteU. 

1836. Professor G. P. Deshayes. 

1838. Sir Richard Owen. 

1839. Professor C. G. Ehrenberg. 

1840. Mr. J. De Carle Sowerby. 

1841. Professor Edward Forbes. 

1842. Professor John Morris. 

1843. Professor John Morris. 

1844. Mr. William Lonsdale. 

1845. Mr. Geddcs Bain. 

1846. Mr. William Lonsdale. 

1847. M. Alcide d’Orbigny. 

j Cape-of-G ood-Hoj)e Fossils. 
*1 M. Alcide d’Orbigny. 

1840. Mr. William Lonsdale. 

1850. Professor John Morris. 

1851. M. Joachim Burrande. 

1852. Professor .John Morris. 

1853. Professor L. G. de Koninck. 

1854. Dr. S. P. W^oodward. 

1855. Drs. G. and F. Sandberger. 

1856. Professor G. P. Deshayes. 

1857. Dr. S. P. Woodward. 

1868. Mr. James HaU. 


1859. lyir. Charles Peach. 

J T. Rupert Jones. 

IMr. W. K. Parker. 

1861. Professor A. Daubr^e. 

1862. Professor Oswald Heer. 

1863. Professor Ferdinand Senft. 

1864. Professor G. P. Deshayes. 

1865. Mr. J. W. Salter. 

1866. Dr. Henry Woodward. 

1867. Mr. W. II. Baily. 

1868. M. J. Bosquet. 

1869. Mr. W. Carruthers. 

1870. M. Marie Rouault. 

1871. Mr. R. Etheridge. 

1872. Dr. .lames Croll. 

1873. Professor J. W. Judd. 

1874. .Dr. Henri Nyst. 

1875. Mr. L. C. Miall. 

187 6. Professor Giuseppe Segiienza. 

1877. Mr. R. Etheridge, Jun. 

1878. Professor W. J. Sollas. 

1879. Mr. S. Allport. 

1880. Mr. Thomas Davies. 

1881. Dr. R. H. Traquair. 

1882. Dr. G. J. Hinde. 

1883. Mr, John Milne. 

1884. Mr. E. T. Newton. 


AWARDS OF THE MURCHISON MEDAL 

AND OF THE 

PROCEEDS OF “THE MURCHISON GEOLOGICAL FUND,” 

ESTABLISHED UNDER THE WILL OF THE LATE 
SIR RODERICK IMPEY MURCHISON, Bart., F.R.S., E.G.S. 

To be applied in every consecutive year in such manner as the Council 
of the Society may deem most useful in advancing geological science, 
whether by granting sums of money to travellers m pursmt of know- 
ledge, to authors of memoirs, or to persons actually employed in any 
inquiries bearing upon the science of geology, or in rewarding any 
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such travellers, authors, or other persons, and the Medal to be given 
to some person to whom such Council shall grant any sum of money 
or recompense in respect of geological science.’’ 


1873. Mr. William Davies. Medal. 

1873. Professor Oswald Heer. 

1874. Dr. J. J . Bigsby. Medal. 

1874. Mr. Alfred Bell. 

1874. Professor Ealph Tate. 

1875. Mr. W. J. Ilenwood. Medal. 

1875. Professor H. G. Seeley. 

1876. Mr. A. K. C. Solwyn. Medal. 

1876. Dr. James Croll. 

1877. Eev. W. B. Clarke. Medal. 

1877. Professor J. F. Blake. 

1878. Dr. H. B. Geinitz. Medal. 

1878. Professor C. Lapworth. 


1870. Professor F. M‘Coy. Medal, 

1879. Mr. J.W. Kirkby. 

1880. Mr. E. Etheridge. Medal. 

1881. Professor A. Geilde. Medal. 

1881. Mr. F. Eiitle 3 \ 

1 882. Professor .1. G osselet. Medal. 

1882. Professor T. Eupert Jones. 

1883. Professor II. E. Goppert. 

Medal, 

1883. Mr. John Young. 

1884. Dr. II. Woodward. Medal. 

1884. Mr. M. Simpson. 


AWARDS OF THE LYELL MEDAL 


AND OF THE 


PROCEEDS OF THE LYELL GEOLOGICAL FUND,” 

ESTABLISHED UNDER THE WILL AND CODICIL OF THE LATE 
SIR CHARLES LYELL, Bart., F.R.S., F.G.S. 

The Medal to be given annually ” (or from time to time) as a mark of 
honorary distinction as an expression on tlie part of the governing 
body of the Society that the Medallist has deserved well of the 
Science,” — ^^not less than one third of the annual interest [of the 
fund] to accompany the Medal, the remaining interest to be given in 
one or more portions at the discretion of the Council for the encou- 
ragement of Geology or of any of the allied sciences by which the}’ 
shall consider Geology to have been most materially advanced.” 


1876. Professor John Morris. 

Medal. 

1877. Dr. James Hector. Medal. 

1877. Mr. W. Pengelly. 

1878. Mr. G. Busk. Medal. 

1878. Dr.W. Waagen. 

1879. Professor Edmond Hubert. 

Medal. 

1879. Professor H. A. Nicholson. 

1879. Dr. Henry Woodward. 

1880. Mr. John Evans. Medal. 

1880. Professor F. Quenstedt. 


1881. Principal J. W. DaAvson. 
Medal. 

1881. Dr. Anton Fritsch. 

1881. Mr. G. E. Vine. 

1882. Dr. J. Lycett. Medal. 

1882. Eev. Norman Glass. 

1882. Professor C. Lapworth. 

1883. Dr. W.B. Carpenter. Medal. 

1883. Mr. P. II. Carpenter. 

1883. M. E. Eigaux. 

1884. Dr. Joseph Leidy. Medal. 

1884. Professor C. Lapworth. 
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A.WAEDS OF THE BIGSBY MEDAL, 

FOUNDED BY 

Dr. J. J. BIGSBY, F.R.S., F.G.S. 

To be awarded biennially “ as an acknowledgment of eminent services 
in any department of Geology, irrespective of the receiver’s country ; 
but he must not be older than 45 years at his last birthday, thus 
probably not too old for further work, and not too young to have done 
much.” 

1877. Professor O. C. Marsh. j 1881. Dr. C. Barrois. 

1879. Professor E. D. Cope. I 1883. Dr. Henry Hicks. 


AWARDS OF THE PROCEEDS OF THE BARLOW- 
JAMESON FUND, 

ESTABLISHED UNDER THE WILL OF THE LATE 

Dr. H. C. barlow, F.G.S. 

The perpetual interest to be applied every two or three years, as may 
be approved by the Council, to or for the advancement of Geological 
Science.” 

1880. Purchase of microscope. 1884. Dr. James Croll. 

1881. Purchase of microscope lamps. 1884. Professor Leo Lesquereux. 

1882. Baron C. von Ettingshausen. 
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Estimates for 

INCOME EXPECTED. 

£ 8 , d . £ 8 . d . 

Due for Subscriptions for Quarterly Journal . . 2 16 2 

Due for Arrears of Annual Contributions 180 0 0 

Due for Arrears of Admission-fees 66 14 0 

239 10 2 

Estimated Ordinary Income for 1884 : — 

Annual Contributions from Resident Fellows, and Non- 
residents of 1869 to 1861 1460 0 0 

Admission-fees 280 0 0 

Compositions 136 10 0 

Annual Oontributiona in advance 21 0 0 

Dividends on Consols and Reduced 3 per Cents 233 0 11 

Advertisements in Quarterly Journal 6 10 0 

Sale of Transactions, Library-catalogue, Ormo- 
rod’s Index, Hoebstetter s New Zealand, and 
List of Fellows 8 0 0 

Sale of Quarterly Journal, including Longman’s 

account 210 0 0 

Sale of Geological Map, including Stanford’s 
account 20 0 0 

238 0 0 


£2614 11 1 


THOMAS WILTSHIKE, Tbeas. 
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the Year 1884 . 

BXPENDITUEB ESTIMATED. 


£ «. d £ «. d. 

House Expenditure : 

Taxes and Insurance 31 2 6 

Gas 2() 0 0 

Fuel 34 0 0 

Furniture 20 0 0 

House-repairs and Maintenance 2^1 0 0 

Annual Cleaning 20 0 0 

Washing and sundry small Expenses 35 0 0 

Tea at Meetings 16 0 0 

202 2 6 

Salaries and Wages: 

Assistant Secretaiy 350 0 0 

Clerk 160 0 0 

Assistant in Library and Museum 130 0 0 

House Steward 105 0 0 

Housemaid 40 0 0 

Errand Boy 41 12 0 

Charwoman and Occasional Assistance 30 0 0 

Attendants at Meetings 8 0 0 

Accountants 10 10 0 

875 2 0 

Official Expenditure : 

Stationery 25 0 0 

Miscellaneous Printing 25 0 0 

Postages and other Expenses 62 0 0 

112 0 0 

Library 150 0 0 

Publications : 

Geological Map 20 0 0 

Quarterly Journal 1000 0 0 

„ „ Commission, Postage, 

and Addressing 90 0 0 

List of Fellows 34 0 0 

Abstracts, including Postage 107 0 0 

1251 0 0 

Balance in favour of the Society. 24 6 7 


£2614 11 1 
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Income and Expenditure during the 

EEOEIPTS. 

£ 8. d, £ s. d. 

Balance in Bankers’ hands, 1 January 1883 . 98 11 7 

Balance in Clerk’s hands, 1 January 1883 . 1 6 7 

99 17 2 

Compositions 136 10 0 

Arrears of Admission-fees 44 2 0 

Admission-fees, 1883 315 0 0 

359 2 0 

Arrears of Annual Contributions 181 16 0 


Annual Contributions for 1883, ^viz. ; 

Besident Follows 1432 4 0 

Non-Besident Fellows ... 20 9 6 

1452 13 6 

Annual Contributions in advance 64 11 6 

Dividends on Consols 201 8 1 

„ Deduced 3 per Cents 30 6 10 

231 14 11 

Taylor & Francis s Advertisements in Journal, Vol. 38 . . 6 10 6 

Journal Subscriptions in Advance 0 16 4 

Publications : 

Sale of Journal, Vols. 1-38 118 6 2 

„ Vol. 39 ♦ 87 14 9 

Sale of Library Catalogue 5 1 0 

Sale of G-eological Map 27 8 9 

Sale of Ormerod’s Index 2 7 3 

Sale of Hoohstetter’e K^ew Zealand 0 18 0 

241 15 11 

•^Due from Messrs. Longman, in addition to the 

above, on Journal, Vol. 39, &c 65 14 3 

Due from Stanford on account of Geological Map 9 10 4 


75 4 7 


i;2775 7 10 


We have compared this statement 
with the Books and Accounts presented 
to us, and hnd them to agree. 

(Signed) J. ADTHUR PHILLIPS,! . 
F. G. HILTON PRICE, f 
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Year ending 31 December, 1883 . 

EXPENDITURE. 


House Expenditure: £ s, d, £ s. d. 

Taxes 24 3 9 

Fire-insurance 12 0 0 

Gas 26 3 4 

Fuel 33 3 0 

Furniture 46 0 3 

House-repairs 8 10 2 

Annual Cleaning 19 13 0 

Washing and Sundries 34 5 8 

Tea at Meetings 16 0 0 

219 19 2 

Salaries and Wages ; 

Assistant Secretary 350 0 0 

Clerk 160 0 0 

Assistant in Library and Museum 110 0 0 

House Steward 105 0 0 

Housemaid 40 0 0 

Errand Boy 41 12 0 

Charwoman and Occasional Assistance 28 13 0 

Attendants at Meetings 8 0 0 

Accountants 10 10 0 

853 15 0 

Official Expenditure : 

Stationery 21 7 10 

Miscellaneous Printing 30 17 5 

Postages and other Expenses 62 17 0 

115 2 3 

Library 155 19 1 

Publications ; 

Geological Map 8 16 9 

Journal, Vols. 1-38 12 16 11 

„ Vol. 39 794 6 10 

„ „ Commission, 

Postage, and Addressing . 80 18 2 

875 6 0 

Ormerod’s Index 30 13 9 

List of Fellows 33 12 6 

Abstracts, including Postage 107 .3 11 


1068 8 10 

Balance in Bankers’ hands, 31 Dec. 1883 . . 346 0 1 
Balance in Clerk’s hands, 31 Doc. 1883 . . 16 3 5 

362 3 6 

Je2775 7 10 
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Awaei) of the Wollaston Medal. 

In presenting the Wollaston Gold Medal to Prof. A. Gaitdbt, 
F.M.G.S., the President addressed him as follows : — 

Professor Gaudbt, — 

The Council of the Geological Society has awarded you the 
Wollaston Medal in recognition of the value of your palaeontological 
researches and the important scientific generalizations you have 
deduced from long and laborious observations. The numerous papers 
on topographical geology and on palaeontology you have contributed 
during the past 30 years, your important ‘ Kechcrches Scientifiques 
en Orient cntrepriscs par les ordrcs du Gouverncment pendant les 
anneos 1853-1854,’ j^our ‘Animaux fossilcs et geologic dc I’Attiquc,’ 
and, lastly, your work ‘Les Enchainements dumonde animal dans les 
temj)s gdologiqucs,’ have made your name so familiar, wherever 
our branch of natural science is cultivated, that in receiving you, 
we feel wo arc not receiving a stranger, but a scientific brother, and 
one who, by his labours and singleness of aim, has achieved a i)osition 
as a palaeontologist such as few can hope to attain. Personally, it 
afibrds me great and sincere pleasure that it has fallen to my lot to 
hand you this Medal, which, by the consent of all, has never been 
more worthily bestowed. 

Professor Gaudby. in reply, said : — 

Mr. President, — 

I regret much that I speak English too imperfectly to express 
well the sentiments which I feel in my heart. I can only say that 
my pleasure in receiving the Wollaston Medal is in proportion to my 
admiration for the labours of the illustrious Geological Society of 
London and to my affection for many of its Eellows. I beg the 
Geological Society and its distinguished President to accept my 
best thanks. 


Awabd of the Wollaston Donation Fund. 

The President then presented the Balance of the Proceeds of the 
Wollaston Donation Fund to Mr. E. Tulley Newton, F.G.S., and 
addressed him as follows : — 

Mr. Newton, — 

The Council has voted you the Balance of the proceeds of the 
“ Wollaston Donation Fund,” in recognition of the value of your 
researches amongst the Pleistocene Mammalia of Great Britain, and 
to assist you in the prosecution of further investigations. 

Your Memoirs published by the Geological Survey of England 
and Wales “ On the Yertebrata of the Forest-bed scries of Norfolk 
and Suffolk ” and on “ The Chimaeroid fishes of the Cretaceous Eocks ” 
and your papers published in our Journal are considered by the 
Council to evince great merit ; they regard them as a bright earnest 
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Mr. Newton, in reply, said : — 

Mr. President, — 

Most highly do I appreciate the honour which tho Council of the 
Geological Society have conferred upon me to-day by awarding me 
the proceeds of the Wollaston Fund, — an honour wholly unexpected, 
and valued the more because of the kind manner in which you, Sir, 
have been pleased to speak of my work among the fossil vertcbrata, 
which it has been my pleasure and, in part, my duty, to undertake. 

Such work is always a source of pleasure and profit in itself ; 
but its recognition by those who are most capable of judging of its 
value is certainly the greatest satisfaction and highest reward one 
can receive. In , ‘accepting this award, I do so with the greater 
pleasure because I feel that it is not only an honour to myself, but 
an indication of the goodwill which exists between the Geological 
Society and the members of tho Geological SurYC3\ 

If any thing could enhance tho value of the award in m\' estima- 
tion, it would be receiving it, as I do to-day, from the hands of one 
who, standing in the foremost rank of anatomists and palaeontolo- 
gists, is so competent to judge of such work as mine, and who by 
kind and gentle S3’mpathy has not onh’ encouraged investigation, 
but gained the warmest regards of all who have come within the 
circle of his influence. 


Award of the Mdechison Medal. 

In presenting the Murchison Medal to Dr. Henrt Woodward, 
F.R. 8 ., the President said ; — 

Dr. Henry Woodward, — 

The Council has awarded you the Murchison Medal and a grant 
of Ten Guineas in recognition of your valuable researches info the 
structure and classification of the fossil Crustacea, especially of the 
Merostomata and Trilohita, and your services to the progress of 
geology in Great Britain by your conduct of tho Geological Magazine 
for nearly twenty years. Your Mon ograidi on the “ Merostomata,’' 
published by ihe Palaeontographical Society, and your “ Catalogue 
of British fossil Crustacea, with their synonyms and the range in 
time of each genus and order,” will long continue to he works of refer- 
ence indispensable to ever3" student of these interesting life-forms. 
But valuable as are these written records, they discover but a small 
part of the services you have rendered in the advancement of our 
science. How much more you have done by the assistance you 
have so freely given to all who have sought your help at the Museum 
in deciphering some difficult matters in paleontology will never be 
full}’ known. 

Dr. Woodward, in reply, said: — 

Mr President, — 

I cannot, I fear, adequately express my thanks to tho Council for 
the honour they have conferred upon me this day in awarding me 
the Murchison Medal, 
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This mark of their esteem is peculiarly appropriate, since its 
founder, Sir Eoderick Murchison, was for many years one of the 
most active of the Trustees of the British Museum, under whom I 
have now had the honour to serve for the past twenty-six years. 
Since my election to the Geological Society, twenty years ago, I can- 
not but recall that the Council has upon two former occasions (in 1866 
and 1879) encouraged and assisted me in my scientific work by an 
award. I feel, however, that the Medal now bestowed by you, Sir, 
is a far higher recognition of my scientific labours, and one which 
gives them the stamp of the approval of the Geological Society. 

I thank you for alluding to the ‘ Geological Magazine,’ now in its 
twentieth year, and w^hich (saving the first year, w^hen it was edited 
in conjunction with Prof. T. Kupert Jones)! have personally carried 
on since its commencement. 1 believe it has had its uses, serving 
not only as a sluice-gate in times of emergency to let oft‘ the over- 
flowing productions of pent-up Pellows thirsting for publication, 
but also as a convenient and read)- method of printing short jjapers, 
which might be deemed too ephemeral for admission into the Society’s 
Journal. 

Although, for the past four years, my time has been so very largely 
taken up with the removal of the Geological Collections from "Blooms- 
bury, and their rearrangement in the Xew Museum in Cromwell 
lload, as to preclude almost entirely the possibility of doing original 
scientific work, I trust it will not always be so, but that shortly I 
may give some evidence of being worthy of the honour I have 
received this day ; and those paleontologists who have visited and 
consulted the collections since their removal can best appreciate how 
those four years have been spent, and with what result, in the better 
display of the great collections now under my charge. 


Awakd of the Mtjkchison Geological Fund, 

The Peesident then handed the balance of the proceeds of the 
Murchison Geological Fund to Mr. B. Ethekidge, F.K.S., for trans- 
mission to Mr. Maetin Simpson, of Mhitby, and addressed him as 
follows : — 


Mr. Etheeidge, — 

The balance of the proceeds of the Murchison Donation Fund has 
been awarded by the Council to Mr. M. Simpson, Curator of the 
Whitby Museum. He has devoted much attention to the fossils of 
^at district, and he is the author of two books descriptive of them. 
The Council hopes that this cheque may be of assistance to him in 
contimung the useful extra-official work he has long been carryinfir 
on in that locality. . ® 


Mr. Etheeidge, having expressed the pleasure that it gave him 
to receive, on behalf of Mr. Simpson, this testimony of the Society’s 
appreciation of the life-long labours of one who had pursued paW 

devotion, read the following extract 
from a letter which he had received from Mr. Simpson ^ 
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Dear Sir, 

“ I feel deeply honoured by the kind recognition of my humble 
services to geological science. I feel this the more, as I have had 
no assistance or encouragement from my fellow-townsmen. 

“ In my reply to Prof. Bonney, I endeavoured to express the deep 
sense I felt for this honour conferred upon me, and my best thanks 
are due to the Council. 

‘‘ In a letter recently received from Prof. Owen, he says that 
Whitby is much indebted to science ; I hope, however, that it will 
not be thought egotistic on my part if I say that science is in some 
way indebted to Whitby, which was amongst the first to make im- 
portant paloGontological discoveries, and to attract to the place the 
distinguished geologists of the day, when our science was only in its 
infancy. I hope, therefore, this mark of distinction now conferred 
upon me will not be misplaced when awarded to the last, now living, 
of an enthusiastic race of paheontologists which sprang up in these 
parts at tlie very origin of the science, and contributed towards 
placing it on a solid foundation. 

“ In pursuing my own researches it has ever been my constant 
care to carefully and honourably preserve the labours of others, and 
to render them beneficial to the public. 

“ In this way tlie Whitby Museum, established in 1823, or sixty 
years ago, has, under very great difficulties, grown up to be some- 
thing considerable, and is highly appreciated by the many literary 
and scientific persons who visit Whitby and its neighbourhood. 

I have done all I can, or am able to do, relative to my catalogue 
of our Lias species, and I shall have great pleasure and satisfaction 
in applying the M nr r-liison Donation Pund towards still publishing 
descriptions of our local fossils.'^ 


Awaki) of the Ltell Medal. 

The President next handed the Lyell Medal to Prof. W. H. 
Flower, F.ll.S., for transmission to Dr. Joseph Leidy, F.M.G.8., 
and addressed him as follows : — 

Professor Flower, — 

The Council has bestowed on Dr. J. Leidy the Lycll Medal, with 
a sum of £25, in recognition of his valuable contributions to palaeon- 
tology, especially as regards his investigations on the Fossil Mam- 
malia of Nebraska and the Sauria of the United States of America. 
These vast and, in comparison with our own country, but little-ex- 
plored territories have for some years past yielded a harvest of fossil 
vertebrate remains of exceeding richness, of which we have no 
example here. How well this harvest is being garnered by our 
Transatlantic conf reres the flood of memoirs published by them during 
the last quarter of a century bears witness. Amongst these scientific 
labourers in the palaeontological harvest-field, Dr. J. Leidy has held 
a foremost place. Careful in observing, accurate in recording, cautious 
in inferring, his work has the high merit which trustworthiness always 
imparts. The we.U-nio’b nstonndiTnr number of nnnera written by 
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him between 1845 and 1873, amounting to 187, his Eepoits on the 
‘ Extinct Vertebrate Fauna of the Western Territories/ his ‘ Synop- 
sis of the Extinct Mammalia of North America,’ and his ‘ Cretaceous 
Reptiles of the United States,’ testify to the fertility of his pen. 


Professor Flower, in reply, said : — 
Mr. President, — 


As I have profited so deeply by Dr. Leidy's palaoontologioal 
writings, and also have the pleasure of his personal friendship, 1 
was much gratified by his request, communicated to me by telegraph 
a few days ago, that I would represent him on this occasion, and 
receive from your hands the award which the Council has so worthily 
bestowed. B}" the same means of communication, he mentions the 
interesting incident, that it was by Sir Charles Lyell’s advice, given 
to him in Philadelj^hia about thirty years ago, that he was induced 
to abandon the study of medicine and take up palaeontology. A 
letter which, I understand, Dr. Loidy has written in which he 
doubtless has expressed his own thanks to you, lias not yet reached 
me ; but I am quite sure that this recognition of his valuable labours 
in that marvellously fruitful field of discovery, the extinct verte- 
brate fauna of North America, will be greatly appreciated by him, 
and by his fellow-countrj^men, by whom he is so justly esteemed. 

[The following is the letter from Dr. Leidy, mentioned by Prof. 
Flower : — 


Philadelphia, Pa., 1303 Filbert St. 

, “Feb. 7th, 1884. 

My Dear Sir, 

I have this minute received your note of Jan. 35th and hasten to 
repl}’, that there may be no delay in my answer, for the Anniversary 
Meeting of Feb. 15th. I was equally surprised and delighted at the 
action of the Council of the Geological Society in awarding to me 
the Lyell Medal and its accompaniment. Such apj)robation of mv 
services I regard as rich compensation added to the pleasure 
derived from my labours. I must add that 1 feel as if Sir Charles 
Lyell himself was^ exi^ressing satisfaction, in consideration of my 
having complied with his wish, when 30 years ago, in my own home 
here, he said ho hoped I would devote my time to Paleontology, 
instead of Medicine. ’ 

Please present to the Geological Society my warmest thanks for 
the honour it has conferred upon me. 

I have written to Prof. W. H. Flower, asking him to receive 
the award on my account. 

“ With sincere regard, 

Mr. Warington W. Smyth, Joseph Leidy.” 

For, Sec, Geol. Soc,'] 


Award of the Lyell Geological Fund. 

In presenting to Prof. C. Lapworth, F.G.S., the balance of the 
Lyell Geological Fund, the President said ; — 
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Professor Lapwoeth, — 

The Council has awarded to you the balance of the proceeds of 
the Lyell Donation Fund in recognition of the value of your re- 
searches into the palaeontology and physical structure of the older 
rocks of Great Britain — carried on frequently under unfavourable 
circumstances and to the injury of your health — and to aid you in 
similar investigations. Your papers on “ The Girvan Succession,” 
“The Moffat Series,” published in our Journal, and “The Graptolites,” 
and “ The Secret of the Highlands,” contributed to the ‘ Geological 
Magazine,’ were the outcome of an extremely laborious and detailed 
exploration of the districts to which they refer — an exploration in 
conducting which you spared no pains and shrank from no hardships. 
No one who desires to know the structure of these districts can 
safely omit a careful study of these very instructive papers. 

Professor Lapworth in reply said : — 

Mr. President, — 

I am very grateful to the Council of the Geological Society for 
this proof of their continued interest in my geological work, and to 
yourself, Sir, for the generous and kindiy manner in which you have 
spoken of what I have done. I am at present too little recovered 
to hope that 1 shall soon be in a position to resume my studies of 
the ancient British rocks and fossils ; but you may rest assured that 
immediately my ordinal}^ health is restored, I shall of necessity 
gravitate again, if I may so express myself, to the old familiar 
fields. 

As this award has been made me from the Lyell bequest, I shall 
hold it both a pleasure and a duty to endeavour to devote it to 
working out a few fresh facts for discussion in this Society, along 
the linesl aid down in the ‘ Principles.' Y h ether that endeavour 
will ever be realized is for the future to determine. Even the most 
I ever hope to accomplish will be to show, vast as is the mass 
of geological material hitherto collected, how" insignificant it actually 
is in comparison with that which remains for discovery, and what a 
mighty future awaits that great science to w^hich we are all devoted. 


Aavahd of the Barlow- Jameson Fund. 

The President then handed to Professor Bonnet, D.Sc., F.B.S., 
for transmission to Dr. J. Croll, a portion of the proceeds of the 
Barlow- Jameson Fund, and said: — 

Professor Bonnet, — 

The Council, in recognition of the value of Dr. James CrolPs 
researches into the “ Later physical History of the Earth,” and to 
aid him in further researches of a like kind, has awarded to him the 
sum of £20 from the proceeds of the Barlow- Jameson Fund. Dr. 
CrolPs work on ‘ Climate and Time in their Geological llelations,’ 
and his numerous separate papers on various cognate subjects, in- 
cluding “The Eccentricity of the Earth’s Orbit,” “Date of the 
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Glacial Period,” “ The Influence of the Gulf Stream,” “ The Motion 
of Glaciers,” “ Ocean Currents,” and “ The Transport of Boulders,” 
by their suggestiveness have deservedly attracted much attention. 
In forwarding to Dr. CroU this awar^ the Council desires you to 
express the hope that it may assist him in continuing these lines of 
research. 

Professor Bonnet, in reply, said : — 

Mr. Peesident, — 

I have been charged by Dr. J. Croll to express to the Society his 
regret that his weak health and the great distance at which he resides 
prevent him from being present in person to-day to receive this 
award. He desires me to express his deep sense of the honour 
which is done to him in this renewed mark of the appreciation of 
his work, and he gives us the cheering news that though still at 
times sufiering, he is now able to do a little work, a proof of which, 
in a paper on Mr. AYallace’s remarks on the theory of Climate, 
reached me yesterday. Deeply though I regret Dr. CrolFs absence, 
I feci honoured in representing a man who has done such original 
suggestive and valuable work. 

In handing to Professor Seeley, F.R.S., a second portion of the 
proceeds of the Barlow- Jameson Fund for transmission to Professor 
Leo Lesqueketjx, F.C.G.8., the President spoke as follows: — 

Professor Seeley,— 

The Council has awarded to Professor Leo Lesgnereux the sum 
of £20 from the proceeds of the Barlow- Jameson Fund, in recog- 
nition of the value of his researches into the Paloeo-hotany of Xorth 
America, and to aid him in further investigations of a similar kind. 

Professor Lesquereux’s “ Contributions to the Fossil Cretaceous 
and Tertiary Flora of the Western Territories,-’ published iu the 
‘ Eeports of the United States Geological Survey,’ are works which, 
for 'their matter, typography and illustrations leave nothing to 
desire. In transmitting this award to Professor Lesquereux, you 
will convey to him the hopes of the Council that it may assist 
him in prosecuting further investigations in the difficult branch of 
research in which he has already accomplished so much. 

Professor Seeley, in reply, said 

Mr. President, — 

I feel much honoured in receiving this award on behalf of 
Professor Lesquereux. His valuable researches not only contribute 
systematic descriptions of the American Secondary and Tertiary 
floras, but furnish almost the only data for comparing those floras 
with the plant life from similar strata on this side of the Atlantic. 
All Professor Lesquereux’s work is marked by such exactness and 
care, that I am glad wo are thus able to honour it, and offer 
assistance in its progress. 
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 

J. W. Hulke, Esq., F.R.S. 

Gentlemen, 

A custom dating, I believe, from the foundation of the Society, 
imposes on me the sad yet salutary obligation of beginning my 
address with a reference to the losses our ranks have sustained by 
death during the official year now closing. Although our losses of 
Fellows have been numerous, I find in the obituary list one only 
who had over communicated a “paper.” 1 allude to Dr. McClelland, 
who, in 1827, contributed a paper “On the Natural History of 
Upper Assam where the Tea-plant grows wild and it is from the 
rolls of Foreign Members and Correspondents that we miss long- 
familiar names. 

On the 27th September, at Lausanne, at the ripe age of 74 years, 
died Prof. Oswald Heer, whose long and zealous devotion to the study 
of fossil plants, pursued during the greater part of a long life under 
the adverse circumstances of slender means, ill health, and great 
physical weakness, could not fail to secure admiration Bnd respect. 
His intimate personal friends tell of his extreme amiability and of his 
sympathetic nature. In early life he was a very successful student 
of entomology, in which he even in later years took a keen interest ; 
but he will be best remembered as one of the foremost pioneers in 
Palaeo-botany, in w’hich difficult branch of research he acquired a wider 
than European reputation. The estimation in which the Society held 
him was testified by the award to him of the Wollaston Fund in 
1862, of the Murchison Fund in 1873, and of the Murchison Medal 
in the following year. 

In October the Society lost another of its Foreign Members, 
Joachim Barrande, who died on the 5th of that month at Frohsdorf, 
in Austria, whither he had been called some months previously by 
the fatal illness of his former pupil, the Comte de Chambord. Exiled 
from his native land, his attention was early directed to the collection 
and study of the Palaeozoic fossils of Bohemia, his adopted countr 5 \ 
His colossal work, the ‘ Systeme Silurien de la Boheme,’ of which no 
fewer than 22 volumes had been published at the time of his decease, 
and a large number of separate papers, bear witness to his un- 
flagging industry, his singleness of purpose, and his critical acumen, 
the possession of which alone made possible so great an undertaking. 
Barrande has left to the city of Prague his unrivalled collection of 
fossils, and considerable funds for its maintenance and for the com- 
pletion of the ‘ Systeme.’ Our Society marked its high estimation of 
his labours by awarding to him, in 1851, the Balance of the Wollaston 
Fund, the diploma of Foreign Membership in 1854, and the Wol- 
laston Medal in 1855. 
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Oh the 30th November the Society lost one of its oldest Foreign 
Members, Sven Nilsson, who on that day fell asleep, in his 0()th 
year, at Lund, in the University of which he long held a prominent 
Professorship. His first puhlication noticed in the • Eoyal Society s 
Catalogue of Scientific Papers,’ is dated 1816, but he had published 
four years earlier (1 81 2) a paper on the diftbront methods of classi- 
fying the Mammalia. The date of his latest paper of w'hich 1 find any 
notice is 1873. His researches, published mostly in Swedish, dealt 
chiefly with Zoology, Ethnology, and Antiquities. One ot his palae- 
ontological papers, published in 18-7 at Lund, treats of the Creta- 
ceous Fossils of Sweden. 

Another verj" aged Foreign Member wLo last year passed away to 
his long rest is Pieeke Merian, M.l)., of Basle. According to the 
‘ Boyal Society’s Catalogue of Scientific Papers,’ his first 2 m[)er w^as 
published in 1817, and by 1873 the number of memoirs and shorter 
papers which bad then issued from his pen amounted to 98. Most 
of the subjects treated in tljcsc are geological. His more important 
works are : — ‘ lleitriige zur Geognosie,’ 1821 ; ‘ Geognostische Ueber- 
sicht des siidlichen Schwarzwaldcs,’ 1831 ; and ‘ Ueber die in Basel 
w^ahrgenommenen Erdbeben,’ 1834. He is said to have l)eeii a man 
of genial tem 2 )eramcnt and very hospitable, and to have been much 
beloved. 

By the death of M. Henri CoauANu the Society lost one of its 
Foreign Correspondents, elected in 1871. The jdace and time of 
his decease are both unknowm to me, as is also his age ; but this 
must have been advanced, since his first paper w^as published in 
1835 or 1836. He was a Tolnniiiiotis writer: his published contri- 
butions to science, recorded in the ‘ Boyal Society’s Catalogue of 
Scientific Papers,’ up to the end of 1873, amounted to 76. A large 
proportion of these, 1 am informed, relate to the geology of the 
Secondary period. Amongst his principal w'orks are : — a ‘ Traite des 
Boches,’ Paris, 1857; ‘Description jdiysique, gcologique, paleonto- 
logiquo et mineralogique du Departement de la Charente,’ 8vo, 
Besangon, 1858 ; ‘ Geologic et Palcontologie de la Begion sud de la 
Province de Constantine,’ 8vo; Atlas, 4to, Marseilles, 1865; and 
‘ Monographic de I’etage Aptien de TEspagne,’ 8vo, Marseilles, 1865. 


Turning from these sad memories to a retrospect of the work 
accomifiished by the Society in the past year, it is satisfactory to 
find that, notwithstanding the numerous losses the Society has sus- 
tained, there have not appeared any traces of “ dissipation of energy ” 
in its zeal for research in those branches of “natural knowledge,” 
the investigation of which is the motive of its existence. The gaps 
in our ranks have been filled by fresh labourers ; and, to judge by 
the numl er of communications received, by their matter, and by the 
large attendances at our meetings, the present session may fairly 
claim to have been one of more than average interest. 
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An analysis of the subjects of the papers read during the year has 
shown a large numerical preponderance of those treating of strati- 
graphical questions. In the preceding year the preponderance was 
on the side of Paleontology. 

Of the stratigrapliical papers a large proportion related to the 
Palaeozoic and the Archaean divisions of rocks ; and of these indubi- 
tably one of the most important, both in respect of its immediate 
subject and also on account of the ])earing of the author’s conclu- 
sions upon the age of homotaxious rocks in other districts, was Dr. A. 
(jcikie’s paper, entitled “ On the supposed Pre-Cambrian Rocks of 
St. Davids.” I may not claim that intimate acquaintance with the 
locality and with its petrology, without w^hich it is not ])ossible 
independently to form an opinion of the completeness of the proofs 
offered by the author that the three Pre-Cambrian grouj)s of 
Dr. Hicks are, in the main, actually masses of eruptive rock of 
younger age than the “ Lower Cambrian Conglomerates ” app.irently 
overlying them ; and that they are not, as L)r. Hicks thinks, in the 
main, masses of metamorphosed sedimentary rocks (with subordinate 
additions of eruptive rocks) of greater age than the Lower Cambrian 
Conglomerates.” The impression left on my mind, after an attentive 
consideration of the paiier, and of the debate upon it, is that, having 
regard to the importance of the question raised by Dr. A. Goikie, it 
is very desirable that ho and Dr. Hicks might find it practicable 
together to revisit St. Davids, a proceeding which, as it would afford 
opportunities for explaining on the spot difficulties as they presented 
themselves, would tend greatly to remove and to reconcile discre- 
pancies of interpretation, and might even result in an agreement 
upon the true order of succession and age of these rock-masscs, a 
desideratum scarcel}^ to he expected from a continuation of })oleinical 
papers lately promised 

A paper, scarcel)’ less important on account of the question it 
raised, was that by Dr. Callaway, on “ The Age of the newer 
Gneissic Rocks of the Northern Highlands.” These, which had 
usually been considered of Lower Silurian ” age, are. Dr. Callaway 
contended, Archaean ; and he supported this opinion by a large body 
of evidence laboriously gathered in the field. Having visited several 
of the localities which furnished the sections with which Dr. Calla- 
way’s paper was illustrated, I can bear testimony to the conscien- 
tiousness of his work ; yet, if I may be allowed to say it, the con- 
viction grew upon me that, considering the very involved character 
of the country, no complete proof of the true sequence of its rock- 
masses is to he expected from any exploration less than a very 
detailed survey of the entire area, mapped on a large si^ale, and sup- 
plemented by an exhaustive petromicroscopical and chemical study. 

* A preliminary accord upon petrographical nomenclature would be e.'^sential 
to such success. The need of this is so obvious, that it would be ridiculous even 
to refer to it, had it not become apparent in the course of the debate tluvt the 
common name “granite” was by one party held to include rt)cks consisting of 
a binary mixture of quartz and felspar, and by the other party applied to the 
ternary mixture of the above two minerals with a third, usually mica, cominouly 
HO designated. 
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Here I may be excused for insisting that no new reading which 
may arise out of a revision of the work of the early explorers of the 
Highlands should be thought to cast any discredit upon them ; they 
themselves would have been foremost in disclaiming its finality. I 
am confident that no geologist can have visited the north of Scotland 
without bringing away an intense admiration at the grand results 
attained by those pioneers who did not possess the topographical 
advantages and the refined methods of optical and chemical analysis 
we enjoy. 

In a paper read on the 7th of Januarj% “ On the Volcanic Group 
of St. Davids,” Prof. J. F. Blake gave a third reading of the geolo- 
gical structure of this memorable district, to the effect that Dr. 
Hicks 8 three groups or systems — Dimetian, Arvonian, and Pebidinn, 
constitute a gradational, continuous scries of volcanic rocks of earlier 
age than the “ Lower Cambrian Conglomerates/' Prof. Blake there- 
fore is in accord with Dr. Hicks as to their age, and, in the main, 
in accordance with Dr. A. Geikie as to their nature. Mr. Blake’s 
opinions being the outcome of field-work, carried on during a resi- 
dence in the district, claim attention. 

Two short papers by Prof. Bonney, one “ On a Section recently 
exposed in Baron-Hill Park, near Beaumaris,'' the other “On the 
Bocks between the Quartz-felsites and the Cambrian Series in the 
neighbourhood of Bangor,” were very valuable contributions to our 
knowledge of the Archaean rocks of those localities. 


A communication by Dr, Hicks, “ On the Cambrian Conglomerates 
resting upon, and in the vicinity of, some Pre-Cambrian Bocks (the 
so-called intrusive masses) in Anglesey and Caernarvonshire,” was a 
rf^'oinder to I)r. A. Geikic’s paper, the first noticed in this retrospect. 
The great value of Dr. Hicks’s paper consisted in the evidence, appa- 
rently unimpeachable and supported by numerous rock-sjiecimens 
brought forward in proof of the composition of those conglomerates 
largely or mainly of pebbles derived from the granitoid rocks beneath 

underlying rocks was 

e-stablislied by Prof. Lonney, by micro-scopicnl evidence, in a snpnJe- 
menfary note, which for perspicuity left nothing to be desired. 

In a paper “On the Geology of the South-Devon Coast from Tor- 
cross to Hope Cove,” Prof. Bf.nney discussed the problem of a tran 
sition from slaty to foliated rocks. He showed that for this district 
t e evidence is against it, and upon clear indications that the foliated 
rocks had undergone much folding and crumpling after their foliation 

'ff Sreat earth-movements which had 
IrcSL iivi!£^^ to 


Mr. J. il Collins, in a communication “ On the Seroentinos 
Associated ltock.s of Porthalla Cove,” stated his belief that an actual 
transition l>etween the rocks mentioned in the title occurred 
an opinion which he supported by evidence in part drawn from^he?; 
chemical constitution. In the discussion which followed, the con- 
Ss* distincUy unfavourable to the author’s 
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LeaTing theae remotest geological ages for later ones, the first 
paper that was read this session was an excellent example of the 
valuable kind of work which is peculiarly possible to a geologist 
whose long residence in a particular locality makes him thoroughly 
familiar with all its physical circumstances, and enables him to seize 
each fresh exposure of rocks ; and, which constitutes a great safe- 
guard against errors arising out of hasty observations, allows him to 
check first impressions by frequent visits. I allude to Mr. Walford’s 
paper “On the Relation of the so-called Northampton Sand of 
North Oxfordshire to the CZi/pew^-grit.” Its great value was abun- 
dantly testified in the debate which ensued on its reading, although 
some of the speakers did not conceal their doubts of the completeness 
of the demonstration attempted by the author. 

A communication by Prof. Sollas “ On the Estuaries of the Severn 
and on their Tidal Sediment and Alluvial Flats *’ had, in addition to 
its intrinsic geological interest (one element in which was the de- 
monstration that these deposits comprise a larger amount of marine 
materials than had been previously supposed), a very important 
bearing on sanitation in connexion with the disposal of the sewage 
of large towns. 

One of the latest stratigraphic papers, and one of very great 
importance on account of the additional information it contained 
respecting the rocks beneath the metropolis, was that read on the 
f)th inst. by I'rof. Judd, entitled “ On the Nature and Relations of 
the Jurassic Deposits which underlie London,” with an “Introductory 
Note on a deep Boring at Richmond, Surrey,” by Mr. Collett Homer- 
sham. Exact measurements, then first obtained, of the thickness of 
the members of the Chalk, evidence of the separation of these by 
two junction-beds indicating uii conformity (as Burrois had noticed in 
France), the demonstration of members of the “ Great Oolite,” and 
the presence in these beds of pebbles derived from the older crystal- 
line rocks, the occurrence of a red sandstone, referred by Prof. 
Judd with great probability to the Poikilitic scries, and the distinct 
proof of the presence of anthracite in the form of derived fragments 
in the Oolitic series, rendered this paper the most valuable contri- 
bution which perhaps has yet been made to our Ivnowledge of the 
sequence and behaviour of the rocks beneath London. 

Dynamical Geology was represented by Mr. 11. J. Johnston Lavis’s 
paper “On the Geology of Monte Sorama and Vesuvius, being a 
Study in Vulcanology by Mr. D. Mackintoslfs communication, 
entitled “Results of Observations on the Positions of Boulders and 
the Evidence they furnish of the Recency of the Close of the Glacial 
Period by Mr. A. J. Jukes-Browne's two communications “ On the 
relative Age of some Valleys in Lincolnshire,” and “ On some Post- 
glacial Ravines in the Chalk-Wolds of Lincolnshire,” and, lastly, by 
a paper from Mr. T. Mellard Rcade, “On a Delta in Miniature ; 
27 years’ work.” 

Whatever estimate may finally be formed of the precise value of 
Mr. Johnston Lavis’s communication in its bearings on the complex 
questions of vulcanology generally, no doubt can be entertained of 
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the importance of the large number of observed facts he has gathered 
and very carefully recorded. 

In connection with ^klr. Mackintosh’s paper, the observation may 
be allowed me (to which the author himself, 1 feel confident, would 
not make objection) that- the circumstances affecting achnal waste are 
so variable in intensity that any calculations of time based upon 
such waste of boulder-pedestals must bo accepted only as tentative 
of the solution of a problem which probably is incommensurable 
with our largest units of the divisions of time. 

Mr. A. J. Jukcs-llrowne, in his two papers, described instructive 
oxam])les of some of the circumstances which affect the change of 
direction of river-courses: and Mr. Mellard Ileade's communication 
was a record of denudation and deposition, very instructive on 
account of the knov n average quantity of rainfall, and the known 
quantity of work done Avithin a known time. 

On retrology and Mineralogy, in addition to notes appended to 
stratigrapliical papers to which allusions have been already made, 
the following communications were read, viz. : — “ On the Easalt- 
glass (Tachylyte) of the Western Isles of Scotland,” by Prof. Judd 
and Mr. Cole ; an “Additional Note on Boulders of Hornblende Picrite 
near the M^estern Coast of Anglesey,” by Prof. Bonney ; a note on 
“ Cone-in-Cone Structure,” by Mr. J. Young ; and “ Petrological 
Notes on some North of England Dykes,” by Mr. J. J. II. Teall. 

Itcspectiug the first of these papers I will merely say that it is, I 
believe, tlie most thorough and exhaustive account which has yet 
appeared of this interesting rock-substance ; and of the last I would 
venture the opinion that its subject is fully as exhaustively treated. 
The constancy of chemical composition and of intimate structure to 
which Mr. Teall called attention, strongly supports his opinion that 
the rock-masses constituting such dykes do not, as some have thought, 
consist, in any ai>preciahle degree, of the fused substances of the 
sedimentary rocks through which they have been forced, but are 
wholly and directly of volcanic origin. 

Prof. Bonney ’s instructive note on Picrite Boulders threw fresh 
light on a Itiud of rock but little known in this country, and respecting 
which, in consequence of its variability, some confusion of opinion 
had prevailed. 

Turning to Palaeontology, not one Palaeo-botanical paper was 
received. All the communications read during the Session referred 
to the Animal Kingdom, and of these, reversing the occurrence of 
last year, the majority related to Vertebrata. 

Of the papers on In vertebrata, that by Mr. R. F. Tomes “ On 
some new or imperfectly known Madreporaria from the Coral-rag 
and Portland Oolite of Wiltshire, Oxfordshire, Cambridgeshire, and 
Yorkshire,” which may be regarded as a continuation of former 
papers on the Corals of the Lias and Inferior Oolite, constitutes a 
valuable addition to our knowledge of the coral fauna of the Secon- 
dary rocks. 

Our acquaintance with Australian fossil Bryozoa was largely 
increased by a paper by Mr. A. W. Waters, who, by adding 18 new 
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species, brought up to 155 the number of Chilostomata discussed 
by him. 

In a paper entitled “ Notes on Brocchi’s Collection of Shells,” 
Dr. Gwyn Jeffreys plaoed before us a revision of the collection 
described by Brocchi in the ‘ Conehologia fossile Subaponiiina,’ now 
preserved in the !Musco Civieo at Milan. 

Dr. Jeffrej^s’s extensive and exact knowledge of living and fossil 
forms gave, as one of the speakers in tlie debate remarked, this 
pa])er a peculiar value. 

Mr. J. S. Gardner, in a paper “ On the British Cretaceous Nucu- 
lidie,” embodying the results of a close study of his very extensive 
collection of these shells, discussed tiie distinctness of the Nuculidm 
from the Arciduc, and tlie descent of the Cretaceous from the earlier 
forms, and suggested the ado])tion of a trinomial nomenclature 
expressive of the relationship of species. 

If ] may be permitted for a few moments to digress from the 
Society’s work, 1 would invite attention to Dr. G. J. Hinde’s 
valuable * Catalogue of Fossil Sponges ’ just issued by the Trustees 
of the British Museum. Treating principally of the sponges of 
the Chalk, Greensand, and Oolitic bods, it will long be the standard 
work of reference on the subject. 

Taking the papers on Vertebrata, in the zoological order of their 
subjects, the first to he noticed is that communicated by Mr. J. W. 
Davis on 10th December, On some llemains of Fossil Fishes from 
the Yoredalc Series at Leyhourne, in Wensleydale.” A considerable 
series of careful descriptions of these remains, mostly teeth and 
spines, and diagnoses of species, several of which the author con- 
sidered new, formed the chief part of this communication. The 
author s great experience in fossil Ichthyology is a guarantee for the 
skilful treatment of these difficult fossils ; yet after an attentive 
consideration of the paper, 1 could not dispel the conviction that, 
having regard to the formal variation of the teeth in different parts 
of the mouth, it is evident that species founded on detached and 
isolated teeth should he regarded as provisional only until their 
validity has been established by fossils demonstrating the complete 
dentition — a caution which I feel confident the author himself 
recognizes. 

I may he permitted here to congratulate Mr. Davis on the com- 
pletion of his monograph on ‘•'The Fishes of the Carboniferous 
Limestone,” recently published in the ‘ Transactions of the Iloyal 
Dublin Society,’ chiefly based on the Florenco-Court Collection, 
formed by the Earl of Enniskillen, and lately added to the National 
Collection in the Cromwell-road, which cont ained a large number of 
Agassiz’s type specimens. It is certain for a long time to be the 
standard work of reference on this Ichthyic fauna. 

Ileptilia, using this designation in its widest sense, have again, as 
in former years, furnished the subjects of several communications. 
One of the first of these was that by Prof. H. G. Seeley ‘ ‘ On the 
Dinosaurs from the Maastricht Beds.” The remains, treated in this 
papers with tho author’s customary care and precision, are referred 
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to two types — one Megalosanrian, the other Iguanodont. Their 
great interest, as the author observes, consists in their being the 
most recent evidences of the Dinosaurian subclass in geological 
time. 

It would be a felicitous circumstance were the publication of this 
paper by directing attention to the occurrence of such fossils in the 
Maestricht beds to lead to the discovery of less imperfect remains 
which might afford fuller information respecting the above genera, 
and in particular regarding Orthomerus Dolloi^ described by the 
author*. 

Personally, it was to myself a matter of great satisfaction that the 
description of the Maestricht fossils should have been undertaken by 
Prof. Seeley. I had long since studied them with the intention of 
bringing them under the Society’s notice, and I am glad to find that 
my delay in so doing has resulted in their being discussed by so able 
a palaeontologist. 

In a paper read on the 25th April by Sir P. Owen, On the Skull 
of Megalosaurus,*' we have an aecount, worthy of that anatomist, of 
an imperfect premaxillary, a nearly complete maxillary, and some 
mandibular fragments referable to this genus. These remains, which 
had a short time previously been obtained from blocks of sandstone 
quarried for building a school near Sherborne, afford additional in- 
formation respecting the structure of the Megalosauriari cranium, 
the orbital and occipital regions of which continue, however, un- 
known. The maxillary bone is the most perfect yet discovered. 
The author gives a reconstruction of the skull on "the pattern of 
the Varanus (jiganieus^ the largest living carnivorous Lizard. His 
figure bears a close general resemblance to that in Phillips’s 
‘Geology of Oxford ’ (Oxford, 1871, p. 199), hut differs from tliis 
in some details. A discussion of the affinities of lleptiles and Pirds, 
expressing, as it does, the mature views of so eminent a biologist, 
gives to this paper a value quite distinct from that which accrues 
from its immediate subject. 

I may add that the number of teeth in this Sherborne pre- 
maxiJlarj’, oS, agrees with that in a pair of Megalosaurian pre- 
maxiJlarics preserved in the private collectioti of Mr. James Parker 
at Oxford. Ihesc indicate the distinctness of the premaxillaries 
from the inaxillaries, respecting which a doubt was once expressed, 
and also their individual separateness. They show also the i)resence 
of an outer or lateral, and an inner or mesial ascending process, 
points in which they resemble the premaxillaries of Jguanodon and 
Hypsilophodon, Per the opportunity of seeing his unique collec- 
tion of Megalosaurian remains some years since, and for his recent 
courtesy in affording me an opportunity of examining mandibles of 
two species of this genus with roiercnce to the presence of a pre- 
^^mphysial hone, 1 am glad to seize this occasion to offer Mr. James 
Parker my warmest thanks. 

In Sir li. Owen s restoration of the skull of Megalosaurus the orbit 

^ M. Bollo has very recently most obligingly forwarded to me a Note’* on 
Binosaurian remains found in the Upper Chalk of Belgium. 
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is Tepresented as posteriorly incomplete, and a lower temporal bar 
as absent. This is remarkable, since in Iguanodm^ Hyptil(^hodon, 
Scelidosaurus^ Dicl4)niu8, and Diplodocus, in short, in every known 
Dinosaurian skull, the orbit is separated posteriorly from the tem- 
poral fossa by the junction of processes of the jugal and post>frontal 
bones, and a lower temporal bar is present. In all these skulls also 
the quadrate is a much stouter and longer bone than that indicated 
in Sir E. Owen’s restoration. 

Here I would invite attention to a magnificent fragment of a 
Megalosaurian sacrum from Great Sandford in the Society’s Museum. 
Only three examples of this segment of the vertebral column are 
known. Of these, one, in the British Museum at Cromwell Eoad, 
has been figured by Sir E. Owen in the ‘Fossil Eeptilia;’ another, 
in the Oxford University Museum, was figured by Phillips in his 
‘Geology of Oxford;’ and the third, our own, which I have had 
placed upon the table, un figured as yet, is in some respects a very 
instructive specimen. 

In another paper, on “ The Cranial and Vertebral Characters of 
the Crocodilian genus Plesiosuchusy Owen,” Sir E. Owen redescribet 
and renames some Crocodilian fossils obtained from the Kimmeridge 
Clay by Mr. J. C. Mansel (now Mr. J. C. Mansel-Pleydell), which 
in May and in December 1869* I had the honour of bringing 
under your notice, and which I referred to a Steneosaurus, n. sp. 
<8. Mansell. I was gratified to find that Sir E. Owen’s description 
of these remains accorded with my own, and that our only difference 
respecting them consisted in our different estimate of the taxical 
value of the variations in detail of this skull from that of Geoffroy 
St.-Hilaire’s type of Steneosaurus. The chief differences pointed out 
by myself in 1869 aio those now indicated by Sir E. Owen, viz. the 
greater extension of the frontal bones upon the upper surface of the 
snout, the prolongation of the nasals between the preinaxillaries into 
the posterior border of the external bony nostril, and the smaller 
number of teeth. With a full recognition of these characteristics, 
it seemed to me preferable to retain the Saurian indicated by these 
Kimmeridgian fossils in the genus Steneosaurus than to originate for 
it a new genus ; indeed this appeared the only prudent course 
pending the acquisition of fresh material which should afford infor- 
mation of the structure of the interorbital and palatal regions of the 
skull, then and still unknown. When I wrote my papers in 1869 I 
did not doubt the genuineness of Cuvier’s two skulls of the Gavial, 
“Tete ^ museau plus allonge,” and “Tete a museau plus court,” 
although there were not wanting circumstances calculated to excite 
distrust : thus Cuvier himself relates his reconstruction of the “ Tete 
k museau plus allonge ” out of two pieces remaining in the collection 
originally belonging to the Abbe Bachelet, two in the cabinet of 
M. De Dree, two sent to him from Geneva by M. Jurine, and the 
muzzle out of three pieces received from M. Faujas and the Abb^ 
Besson. Later in 1869 a copy of the ‘ Prodrome des Teleosauriens 

* Quart. Joum. Geol. Soc. 1869, vol. xxr. p. 890, plates xrii., xriii., and 
vol. XX vi. p. 167, plate ix. 
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du Calvados/ most courteously presented to me by its author, 
M. Eugene Eudes Deslongchamps, first showed me that my confi- 
dence in these two skulls had been misplaced. M. E. E. Deslong- 
champs, whose accurate and extensive acquaintance with the Croco- 
dilians of the Calvados, equalled only by that of his father, then 
lately deceased (upon whose work the ‘ Prodrome’ is chiefly based), 
after a careful study of the type skulls, distinctly asserts that the 
“ Tete k museau plus allonge ” is compounded of the snout of Stnieo- 
saurus Edwardsii^ Deal., of the frontal region of Metriorhyyichus 
(H. V. Meyer) super c'dlosus^ Desk, and of the occipital region of a 
smaller individual of this last species. Further, the “ Tete a 
museau plus court ” is built up of the cranial part of a Mttriorhyn- 
chus, the middle part of the snout of a Steneosaurus in the Cabinet 
de Geneve, and the end of a snout from Honflcur. Prom the 
Honfleur Gavials Cuvier separated another under the title “Crocodile 
de Caen.” This type skull consists of the hinder part of the skull 
of Tcleosauras Cadomrnsis (De Plain v.) and the snout of a species of 
Eteueosaurics, probably that figured later by De la Beche under the 
specific name of S. oa^onunsis. It is probable that Geoftroy St.- 
Hilaire founded his two genera Teleosaurus and Sttneosaunis on the 
type crania of the “Crocodile de Caen” and the “Tete a museau 
plus allonge,” because collateral evidence makes it likely that he 
had not at that time studied the “ Tete a museau plus court and 
he tells us respecting the origin of the name JSteneosaurus^ “ de 
1 etroitesse singulierement remarquable et decidement caracteristique 
du crane entre los fosses temporales on deduira sans doute un jour 
la principale consideration et le nom generique des fossiles trouvees 
k Honfleur”*. IVow this narrowness between the temporal foss® is 
very conspicuous in the Kimmeridge skull. 

To the fictitious t character of the two type crania is probably 
referable the great confusion which has arisen in connexion with 
the Crocodilia of the Secondary ijeriod, in illustration of which I 
need only cite a few of the genera which have been constructed 
from their remains — MetriorJiynchus, H. v. M. ; Cistosemrus, H. v. M. ; 
Mystnosaurus, Kaup ; Ptlagosaurus^ Pronn ; Mosdosaurus^ Enqiiom- 
masaurus, P. ; Glaphyrorhynchus, P. ; Streptospondylus, H. v. M. ; 
Lq)tocranius, P. ; and Maerospondylus, H. v. M. Each of these is 
a member of one of Geofl&'O}^ St.-Hilaire’s two original genera which, 
in spite of their spurious biith, have acquired in the course of years 
a concurrent ascription of associated anatomical characters which 
has preserved them from suppression. I need not now enlarge upon 
the differential characters which separate the Teleosaurs from the 
Steneosaurs, these may be found in Deslongchamps’s instructive ‘ Pro- 
drome/for it will not, I think, be contended by any that Steneo- 
saurus Manseli^ Hulke, belongs to the first of the two genera. If, how- 
ever, each of these two genera be enlarged to the rank of a family 
or suborder (Teleosauria and Steneosauria), comprising sever^ 

* M^m. du Mub. tom. xii. p. 149, 

t I Bcarcely add that thiB word is not used in a disreBpectful sense. My 
intense admiration of Cuvier would make such a meaning impossible to me. 
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gonera, amongst which Teleosaurus and Steneosaurus are types, it 
may be found convenient to remove Steneosaurus Manseli into a 
separate genus or subgenus ; but at present I would venture to 
deprecate any disturbance of the original name. 

Ascending from these lower Vertebrata to Mammalia, Sir E. Owen, 
in a paper “On the Skull and Dentition of a Triassic Mammal, 
Tritylodon longcpvusy 0., from South Africa,’’ brought under our 
notice on 21 st November a skull which, if the age of its gisement 
be established, is one of the earliest evidences yet obtained of 
Mammalian life. The resemblance of the crowns of the molar 
teeth to those of Microlestes and Stereognathvs suggests an affinity 
with these. A doubt expressed in the debate respecting the Mam- 
malian nature of the skull has since been dispelled by the removal 
of a portion of the outer alveolar wall, which has discovered the 
molar teeth to possess double roots. 

The only other mammalian paper received was one by Prof. Boyd 
Dawkins, “ On the Alleged Existence of Ovibos moschatus in the Porest- 
bed, and its Range in Space and Time.” The subject of this very 
interesting communication was the upper part of the skull of an 
adult female, fortunately in such excellent preservation as to place its 
identification beyond doubt. The author referred to the discoveries 
of remains of this animal in Britain, some of which were in post- 
glacial beds, and others in beds regarded by him as preglacial. In 
this latter category he was disposed to place the present fossil. In 
the debate doubts were expressed respecting the completeness of the 
evidence of the locality whence the skull was procured, and conse- 
quently of its geological age. 

The time and scope permissible to an address will not allow me, 
even if I possessed the requisite knowledge for the task (and this I 
may not claim), to allude to, much less to offer you a review of, the 
progress of the several departments of geologj^ in other countries 
during the past year ; but I would not bring my task to a close 
without referring to some extremely valuable additions which have 
been made to our knowledge of skeletal structure in the Dinosauria, 
a subclass of Eeptilia in which I have long been deeply interested. 

The “Notes” on the anatomy of Iguanodon, based on the large 
number of remains preserved in the Musee d’Histoire Naturelle at 
Brussels, begun by M. Dollo last year, have been continued by him ; 
and thanks to the labours of this discriminating and zealous palseon- 
tologist, we have now a knowledge of the skeleton of this Dinosaur 
80 full that there remain only a few and not very important details 
to render it complete. M. Dollo’s “ Note on the pelvis and skull ” is 
very important. I may be pardoned for remarking that to myself it 
was a matter of great satisfaction to find confirmed by him the iden- 
tification of the skull which, in 1871, I had the honour of bringing 
under your notice *. Perhaps the most interesting feature in the skull 
is the mandibular element, aptly designated by M. Dollo “ Os pr^ym- 
physien ” (fig. 1 ps\ the true skeletal place of which the complete- 
ness of the Bernissart fossils has enabled him to demonstrate by the 
♦ Quart. Journ. Geol. Soc. vol. xxvii. p. 199, pi. xi. (Hulke). 
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Pig, 1,— iStdStf view of Cranium of Iguanodon bernissartensis, Bollo. 
(After DoUo.) 
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incontestable evidence ot undisturbed natural articulation. I had 
often myself in bygone years pondered over a detached, mutilated 
example in the collection of the late Kev. W. Pox, now in the British 
Museum, but was quite unable to identify it with any element in 
the vertebrate skeleton then known to me. A similarily formed 
detached bone bedded in a block of clay, together with a mandible 
of Hypsilophodon^ has long been in my own collection ; and recently 
Prof. E. D. Cope has figured this same element in Diclonius^ a 
member of the Hadrosaurida:}, the Transatlantic representatives of 
our Jguanodontidae. Thus in three Dinosaurs, members of closely 
allied herbivorous genera, there is now known to be present in the 
mandible an azygos element, till lately unrecognized, and not known 
to exist in any other 8auria. What is this ? In Diclonuie, Z). 
mirabilis (fig. 2 ps\ Prof. Cope names it “ Dentary ; hut apart from 
the obstacles which the structure of the mandible in this Dinosaur, 
as described and represented by Cope, offer to the reception of this 
identification, the coexistence of the “ os presymphysien ” together 
with the “ Dentai'y ” in Iguanodon^ negatives this determination of 
its homology. M. DoUo, with commendable reserve, suggests that it 
may be the morphological equivalent of the “ Monto-Meckelian 
elements present in the mandible in Batrachia, termed by Prof. P. 
Albrecht intermaxillairos inferieures/’ A. Ecker, as noticed by 
Dollo, figured these in ‘ Die Anatomic des Frosches ’ (fig. 22. p. 40), 
Braunschweig, 1864. They are well shown in several of the plat^ 
illustrating Prof. W. K. Parker’s memoir “ On the Structure and 
Development of the Skull of the Frog,” Phil, Trans. 1871, and this 
author’s later memoir “ On the Structure and Development of the 
SkuU in Batrachia,” in Phil. Trans. 1881 (from which fig. 3 m.m.. 
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Fig. 2 . — Inferior view of the Extremity of the Mandihle o/Diclonint 
mirabilis, Cope. (After Cope, Proc. Acad. Nat. Soi. Phil^. 
1883, pi. vi.) 



Fig. 3. — Side view of the Cranhim o/Xenophrvs monticola, Giinth, 
(After Parker, Pliil. Trans. (J881), vol. clxxii. pi. xxiii. fig. 7.) 
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showing a side view of the skull and mandible of Xemphrys monti- 
cola is copied). The Mento-Meckelian element in the Frog is also 
represented and described in Parker and Bettany’s ‘ Morphology of 
the Skull,’ fig. 45, p. 171, London, 1877, in which it is stated to be 
derived in part from MeckePs “ cartilage-rod,” and in part from the 
remains of the “ inferior labial ” cartilage. 

But the Mento-Meckelian mandibular element can be traced lower 
in the vertebrate scale ; for Dr. A. Gunther figures it in Aspidorhyn^ 
chu8 Fisheri (‘ Introduction to the Study of Fishes,’ fig. 146, p. 369), 
naming it here the “ presymphysial bone ” (as noticed by Dollo). 
In Protopterus^ the Meckelian cartilage extends beyond the dentate, 

Fig. 4, — Cranium of Aspidorhyiichus Fisheri. (Original from 
specimen in the British Museum.) 



coalescing with its fellow in the median line, to form a stout 
azygos plate, the free edge of which is set with small pointed 
processes singularly suggestive of likeness to lyuanodon. The Men- 
to-Meckelian bone is recognizable also in Sturio and in Amia. Thus 
it is present in Lepidosteoidei^ Dipnoi, Cliondrostn, and Amioidei^ in 
four therefore of the eight suborders under which Dr. A. Giinther 
arranges the numerous genera of the once dominant order of the 
Ganoid fishes. 

This mandibular element is, however, not restricted to the lower 
vertebrates, for it exists in the human embryo, in which it was dis- 
covered by A. von Kdlliker, and by Callender, in whose paper in the 
Phil. Trans. 1869 it is figured (pi. xiii. fig. 6 «). In a footnote 
referring to this paper, W, K. Parker calls it the “ inferior inter- 
maxillary element,” Phil. Trans, p. 200, vol. clxi. 

This wide distribution of the Mento-Meckelian element appears to 
me to afford strong support to the homologj’ of the presymphysial 
bone of Iguanodon offered by Dollo. The time at my disposal will 
not permit me to examine in detail the many interesting features of 
the skull in Iguanodon, discovered or confirmed by M. Dollo. I can 
allude to two only : — the edentulousncss of the premaxillary, which 
alone would be sufficient to demonstrate its generic distinctness 
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from Hy'psilophodon*, and the fixity of the quadrate, which is rendered 
incapable of movement by the abutment of the quadrato-jugal and the 
pterygoid against it, and by the closeness with which the squamosal 
embraces its upper end and also descends upon its surfaces, a dis- 
position of this latter bone which has some resemblance to that 
obtaining in Amphibians and Ganoids. 

In a short account of the vertebral column, M. Dollo states that 
it contains 85 vertebrce ; of these 10 are cervical, 18 dorso-lumbai:, 
6 sacral, and 51 caudal. The forms of the articular surfaces of the 
centra in these several regions agree with those in /. Prestwichii 
figured by myself in our Journal; and thus M. Dollo’s labours 
afford an additional proof of the critical acumen of those early 
palaeontologists Drs. Melville and Mantell. M. Dollo finds that the 
neurapophyses of the atlas were synchondrously united superiorly, 
and he has not discovered any trace of preatlas or capping-piece, 
which some have regarded as the modified neural spinous process. 
Thus in Ljuanodon the atlas appears fashioned on the Lacertilian 
pattern, which is noteworthy, since the other presacral vertebras 
have Crocodilian rather than Lacertilian features. In the sacrum 
M. Dollo finds 6 vertebrae — one more, therefore, than in the type 
sacrum of /. Mantelli in the British Museum ; but I am in 
doubt whether Dollo does not include in the sacrum the last lumbar 
vertebra, which in old individuals is usually united by synostosis to 
the first sacral, and is functionally inseparable from it. Should this 
be the case, Dollo’s views in this matter are in accord with those of 
Melville and Mantell, who for this and other interpretations were 
once so harshly censured. An expression M. Dollo uses with respect 
to diapophyses, “ upper transverse processes,’’ leaves me in doubt, 
also, whether he considers these absent from the sacrum. A very 
instructive fragment of a sacrum of an immature I. Mantelli in my 
own collection, shows slender upper transverse processes,” diapo- 
physes, outgrowth from the neurapophyses in the level of the crown 
of the neural arch; and massive “ lower transverse processes,” para- 
pophyses, of which the original distinctness from the vertebral centrum 
is indicated by the still obvious suture which marks their union. 

I have already noticed some interesting points of resemblance in 
the cranial structure of Iguanodon to similar ones in Amphibia 
and certain Ganoids, at the lower end of the vertebrate scale, and 
in the higher vertebrates, man included. It may be here remarked 
that similar resemblances are observable in respect of the vertebral 
column. Thus, in Iguanodon^ the cervical vertebrae are opisthocoe- 
lous ; they are so in S(damander, in Pipa, and in Lepidoftteus ; so also 
are they in certain cervicals in some higher Mammalia, a familiar 
instance of which is the horse. In Iguanodon, in the sacrum, the 
neurapophyses are intervertebrally situated ; this is also their relar 
tion to the centra throughout the vertebred column in the Ganoid 
Amia, 

More attractive probably to the larger number of readers thap 
his “ Quatrieme Note ” just cited, will be found Dollo’s Troiaieme 
Note,” in which he describes the pelvic girdle and hind limbs, anA 
gives an excellent representation of one entire skeleton, as mounted 
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by M. De Pauw, the excellent Controleur des Ateliers of the 
Mus^. 

M. Dollo adopts the erect attitude of Ljuanodon ; and for this he 
adduces reasons which claim attentive consideration. Time will not 
allow me here to do justice to them, and I must refer those who 
are interested in this vexed question to Dollo’s memoir. 

The undisturbed natural association of the pelvic bones in some 
of the Bernissart skeletons has enabled DoUo to give an excellent side 
view of the pelvis in /. hernissartensis^ Blgr. Its accuracj^ is unim - 
peachable. In its essential features it is in accord with the resto- 
ration of the pelvis of /. Mantelli^ which, in June 1875, 1 submitted 
to the Society ; but there are some details which the better preserva- 
tion of the Bernissart fossils has enabled Dollo to correct. Tims 
the direction of the preacetabular part of the os pubis (prnepubis of 
Marsh), which I had originally imagined to have an inward curve, 
Dollo shows to be curved outwards. The foramen at the point where 
the post-acetabular part of the pubis (post-pubis of Marsh) diverges 
from the body of this bone, and which I had identified with tho 
uppermost opening in the bird s obturator foramen, and suggested 
that it might, in Ignanodon, as in the bird, transmit the tendon of the 
Obturator intern us muscle, M. Dollo interprets difierently. He 
shows that the ischiatic half is contributed by the ischio-pubic 
border of the body of the ischium, and that it is not, as I had 
wrongly supposed from my less perfect material, contributed by the 
obturator process of the shaft of the ischium. 

M. Dollo believes the larger opening, marked ii. in his figure, 
to be the homologue of that which in the bird transmits the 
Internal obturator tendon, basing this belief on the identification of 
the process given off from the ventral border of the ischium, beyond 
tho neck of this bone in Ljuanodon, with that present in some birds, 
notably Eatit se. The small foramen next the acetabulum, marked i., 
he horaologizes with a depression which he ob.verved in the chicken 
above that for the obturator tendon. This I have not succeeded in 
discovering in Struthio and Rhea, birds which I selected on account of 
their well-developed ischiatic obturator process, and the completeness 
of the upper foramen which (ii. in Dollo’s figures) this process makes 
by its union with the postacetabular part of the os pubis. 

[^Note . — In discussing the homologies of these foramina in reptiles 
and birds it is needful to bear in mind that the term obturator foramen 
has been applied to very different apertures. Thus it has been given 
to the aperture by which the obturator nerve leaves the pelvis, and 
also to the space lying between the os pubis and the ischium ; now in 
lizards the nerve pierces the os pubis by an opening entirely within this 
bone, and it does not pass through the ischio-pubic interval ; in 
Chelonians, however, it takes this latter course ; in Crocodiles also it 
passes through the angle formed by the divergent pubis and ischium. 
In birds it also passes out between these bones, yet not through the 
aperture nearest to the acetabulum, but at a lower point, piercing 
the obturator membrane below the obt.-ischiatic process {Bhea), It 
would be more exact to define the foramen with reference to the 
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nerve, and to give the name “ cordiform ” or “ thyroid,” used by 
continental anatomists, to the ischio-pubic interspace. But this 
would do violence to long-established usage here, so that under the 
circumstances it is better, as least liable to create misunderstanding, 
to designate by “ obturator ” the interspace between the os pubis 
and the ischium without reference to the course taken by the obtu- 
rator nerve.] 

The homologies of the os pubis in the subclass Dinosauria, or rather 
in its order Omithopoda (Marsh) — for in Sauropoda they do not 
offer any difficulty, which have greatly engaged the attention of 
palaeontologists — have been discussed by DoUo ; and since the subject 
is of much interest it claims some notice. 

The conclusion at which Dollo arrives (drawn, it would seem, 
chiefly from a consideration of the pelvis of Allosaurus^ Marsh, 
whose restored figure he reproduces, and of the chick) is “ that the 
pubis and the post-pubis are primitively separate elements, and that 
Dinosauria and birds alone possess the latter.” 

Now Marsh tells us that the presence of the post-pubis in Allo-^ 
saunis was inferred by him from the occurrence of a lower, and 
apparently articular, facet on the pubic border of the ischia ; and 
also that he inferred its form from that of Laosaurus. In addition 
to this the delineation of the post-pubis in his figure of Allosaurus 
is by a dotted outline, a method always used by this trustworthy 
palasontologist, wherever the parts of a figure are not drawn 
from an actual specimen. 

The presence of a ventral symphysial union of the distal ends of 
the pubes in Allosaurus had always made mo doubt the presence of 
a post-pubis in this Dinosaurian, because a post-pubis (if presen t)beiDg 
the homologue of the post- pubis in the bird, and this the homologue 
of the pubis in the Lizard, of which latter the pubis in Allosaurus 
is also the homologue, it must follow that in each half of the pelvis 
of this Dinosaur there would be two bones, each the morphological 
equivalent of the Lacertian pubis, a thing altogether unin- 
telligible. But I gather from his having placed Allosaurus in 
Theriopoda that Marsh himself has abandoned the idea of its possess- 
ing a post-pubis. After this I think I am scarcely putting it too 
strongly when I say that all reasoning from Allosaurus as to the 
interpretation of the (pubis) post-pubis in Dinosauria rests on an 
unproved foundation. 

In Iguarvodon^ Ilypsilophodon (and Omosaurus)^ in which alone 
I have had an opportunity of studying the os pubis, I have never, 
even in immature individuals, seen any mark of the primitive sepa- 
rateness of the two parts of the os pubis which Marsh distinguished 
by the names prse- and post-pubis ; and this has left me unconvinced 
of such original distinctness in respect of these Dinosaurs ; I have 
therefore always used Marsh’s excellent terms as short, convenient 
names by which to refer to the prse- and postacetabular parts of the os 
pubis, without attaching to them the idea of a distinct individuality. 

The homology of the postpubis in Dinosaurs with the pubis of 
birds, first pointed out by Huxley, is very generally accepted. Any 
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difficulty that at first sight appears, in consequence of their different 
direction, in homologizing these with the pubis in the Lizard, 
will disappear when it is remembered that in the embryo bird the 
08 pubis and the ischium are directed at a right angle to the long 
axis of the ilium, which is nearly the direction of these bones in 
the Lizard, 

To what part, if any, of the pubis in other vertebrates is the 
prepubis in Dinosauria (Iguanodon) the morphological equiva- 
lent ? In birds its equivalent has been thought to be the angular 
tubercle or spur which projects from the front border of the ace- 
tabulum. This is well marked in the Ostrich and the Apterj^x. In 
Dollo’s figure of the pehis of the chick, it lies in front of the suture 
which indicates the anterior limit of the acetabular contribution of 
the (post-) pubis, separated from this by a distinct interval. Such 
a disposition would place this tubercle, or spur, completely within 
the ilium ; and were this so, it would constitute a strong argument 
against regarding it as the homologue of the Dinosaurian prepubis, 
Gegenbaur, however, represents, in the chick, the ilio-pubic suture 
as passing through the tubercle ; and this is its situation in 
Apteryx (fig. 5), and in Ehea^ immature individuals of which I ex- 

Fig. 5 . — Pelvis of Anterj’x. (Original from a specimen in the 
Middlesex-Hospital Museum.) 
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amined with reference to this point : the tubercle is manifestly that 
known to anatomists as the ilio-pectineal eminence, tuherculum ilio- 
pectineum, tub. ilio-pubicum, of higher vertebrates. Its dual com- 
position in birds, though it seems to weaken the supposition of its 
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being the homologue of the Dinosaurian prepubis, does not destroy 
it ; since in these latter the pubic component of the tubercle may 
grow and largely increase, the ischiatic element not augmenting, 
until the latter is ultimately absolutely dominated by the former, 
and that which in its origin was dual, finally appears to be, and is, 
wholly composed of an outgrowth of the pubis alone, and the ilio- 
pubic tubercle becomes a pubic tubercle. Now something of this 
kind can be traced out in those singularly reptile-like Monotremes, 
the Echidna (fig. 6) and Orniihorhynchns (fig. 7). And I have 

Fig. fi . — Pelvis 0 / Echidna, (i^fter Wiedersheim.) 
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il. Ilium. is. Ischium. p. Pubis. m. Marsupiul bone. 
tip. Tuberculum ilio-pubicum. 

thought that the horn-shaped process which juts out from the 
front border of the os pubis in Chelonia ( T’eshtdo^ fig. 8) may have 
a similar origiu, and that here, in a living reptile, we find the mor- 
phological equivalent of the prepubis of the extinct Ornithopoda. 

I have already, in treating of the presymphysial bone, incidentally 
refened to one of the latest additions to our knowledge of cranial 
structure in Dinosaurians, Prof. Cope’s paper On the Characters of 
the Skull in Hadrosaurid®.” The description and figures of the 
skull of Diclonius mirahilis show that it had a skull in form a 
good deal like that of a goose.’* Each maxillary bone contained 
630 teeth, and each splenial 406 teeth, giving a grand total of 2072 
teeth. Its dentition is so remarkable and so unique, and these 
details of construction are so singular, that I hope no long time will 
elapse before a fully descriptive and copiously illustrat-^ 
upon it will appear. 

In my address Iwt year I alluded to the rcmai’kabl' 
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which were being issued by Prof, 0. C. Marsh, and mentioned 
that he had in hand a large fully illustrated descriptive memoir on 
the Dinosauria, which would rival, if not excel, in interest his 
noble folio on the ‘ Toothed Birds/ In the autumn I received from 

Fig. 7 . — Pelvis of Ornithorhynchus. (After Wiedersheim.) 
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is. Ischium. m. Mnrsupial bone, j). Pubis. 

tip. Tuberculum pubicum. 


Fig. 8 . — Pehjts o/Testudo. (After WiedcTsheim.) 
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him, as precursor, a short paper on a « Ecstoration of Bmitomuna, 
B. excslms. The admirable preservation of its remains makes it 
^ possible to draw every bone from an actual specimen. The individual 
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was nearly 50 feet long, and is estimated to have weighed about 20 
tons. Its head was small, and its neck long. It was plantigrade, 
and each footprint occupied an area of about 1 square yard. 

Only two days ago, whilst writing these lines, I received from 
Prof. O. C. Marsh another token of his unflagging zeal in the study of 
these Jurassic forms of reptilian life, in a paper on the Diplodocidse, 
Dinosaurs distinguished by the “ doubleness ” of their chevrons. 
The skull figured by Prof. Marsh is so perfect that every suture is 
discernible, and the general figure is undistorted. The teeth, in 
several rows, are weak, cylindrical, adapted for plucking soft vege- 
table food. The snout has a small oval vacuity in the maxilla, 
and a larger antorbital opening. “The orbit is situated very 
posteriorly, being nearly over the aiiiculation of the lower jaw.” 
The external nostril is large and on the top of the head, between the 
upper borders of the orbits. 

The flood of light which is now coming from the New World to 
illuminate our darkness, in return for the feeble glimmerings of 
truth that wo (whose best “ finds ” are commonly only a few muti- 
lated fragments of a skeleton) have been able to evolve at the cost 
of much toil and frequent stumbling and many disappointments, 
w^ould make us envious of their better fortune, were envy possible. 
Happily it is unknown among us, and we rejoice in their success. 

And now, Gentlemen, I must conclude. I thank you for having 
listened so long to what, I fear, must have been somewhat wearisome 
to those w^hose chief interest is concentrated in the inanimate world. 
Yet some acquaintance W'ith paleontology is indispensable even to 
su(;h ; for th(; light wliich the dry bones of the past cast upon the 
physical history of our globe, often is a very precious aid to the 
decipherment of its frociuently almost illegible and obscure pages. 
Can these dry bones live again and tell their tale ? Yes, they not 
only can, but they do ; being dead they yet speak a language audible 
to the attentive ear, and intelligible to the receptive mind. 

As the palaeontologist surveys the past, he sees, as in EzekiePs 
allegory, bone come to its bone, sinews and flesh come upon them, 
and the skin cover them ; his imagination breathes into them life ; 
and the past is no more the region of the dead, but peopled with a 
countless multitude of living beings, links in that wonderful chain 
of life, of which the earliest were forged in the remotest ages, w^hen 
our globe first was habitable ; the intermediate ones are those 
around us ; and the latest are those of a far distant future. 





PttOCSSBINGS OF lEfi GEOLOGICAL BOCIETI. 


February 20, 1884. 

Prof. T. G. Bonnet, D.Sc., F.R.S., President, in the Chair. 

Thomas Lionel Bates, Esq., Fence Cottage, near Rotherham; G. 
J. Williams, Esq., Higher Elementary School, Blaenau Festiniog ; 
and Alfred Prentice Young, Esq., I.N., Assistant Superintendent, 
Revenue Survey, Bombay, were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The Secretary announced that a specimen of Trowlesworthite 
had been presented to the Museum by R. N. Worth, Esq., F.G.S. 

The following communications were read : — • 

1. “On a recent Exposure of the Shelly Patches in the Boulder- 
clay at Bridlington.’’ By G. W. Lamplugh, Esq. Communicated 
by Dr. J. Gwyn Jeffreys, F.R.S., F.G.S. 

2. “ On the so-called Spongia paradoxica, S. Woodward, from 
the Red and White Chalk of Hunstanton.” By Prof. T. M‘Kenny 
Hughes, M.A., F.G.S. 

3. “ Further Notes on Rock-fragments from the South of Scotland 
imbedded in the Low-lerel Boulder-clay^ of Lancashire.” By T. 
Mellaid Reade, Esq., C.E., F.G.S. 

4. “ Ripple- murks in Drift.” By T. Mellard Reade, Esq., C.E., 
F.G.S. 

Specimens and microscopic sections wx*re exhibited by Prof. T. 
M‘Kenny Hughes, in illustration of his paper. 


March 5, 1884. 

Prof. T. G. Bonnet, D.Sc., F.R.S., President, in the Chair. 

F. N. Maude, Esq., R.E., Naval and Military Club, 94 Piccadilly, 
W. ; John Potts, Esq., Thorntree House, Chester Road, Macclesfield ; 
and Corbet Woodall, Esq., M. Inst.C.E., 34 Fitzjohn’s Avenue, 
Hampstead, N.W., were elected Fellows, and Dr. Charles Barrois, of 
LiRe, a Foreign CorrfS|)ondent of the Society. 
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The list of Donations to the Library was read. 

The followin^ons^unications were read ; — 

1. “ On the Structure and Pormation of Coal.” By E. Wethered 
Esq., F.G.8., E.C.S, 

[Abstract.] 


The author, having referred to the work of previous investigators, 
pointed out that seams of coal do not always occur in one bed, but 
are divided by distinct partings, some of which, as in the case of the 
Durham main seam, contain Stlgmarice, It is important to 
notice this feature for several reasons, but especially as the beds of 
coal, defined by the partings, show differences both in quality and 
structure. In the case of the shallow seam of Cannock Chase there 
is at the top a bed of coal 1 foot 10 inches thick, the brown layers 
of which are made up of macrospores and microspores. The bright 
layers are of similar construction, except that wood-tissue some- 
times appears, also a brown structureless material, which the 
author looked upon as bitumen. He, however, objected to that 
term, and thought that “ hydrocarbon accous substance ” would be 
preferable. What this hydrocarbonaceous material originated from 
is a question for investigation. In the lower bed of the W^elsh 
‘‘ Pour Peet ” seam wood-tissue undoubtedly contributes to it ; 
whether spores do is uncertain ; it is true they can be de- 
tected in it. In the second bed of the shallow seam there is a 
very different coal from the upper one. It is made up almost as 
a whole of hydrocarbonaceous material. Very few spores can be 
detected in it. It is pos.^ible that the scarcity of these objects may 
be due to decomposition ; but the author s investigations seem to 
show that spores resist decomposing influences more effectually 
than wood-tissue, which seems to account for the fact that w^here 
they occur they stand out in bold relief against the other material 
composing the coal. Below the central bed of the shallow seam 
comes the main division. In it the author detected a largo accumu- 
lation of spores, but hydrocarbon formed a fair proportion of the mass. 
The author referred to other seams of coal from various parts of 
England, and pointed out the structure of each bed composing them. 
The conclusions on the evidence elicited from his investigations were 
(1) that some coals were practically made up of spores, others were 
not, these variations often occurring in beds of the same scam ; (2) 
that the so-called bituminous coals were largely made up of the sub- 
stance which the author termed hydrocarbon, to which wood-tissue 
undoubtedly contributed. 

An appendix to the paper, written by Prof. Harker, Professor of 
Botany and Geology at the Boyal Agricultural College, Cirencester, 
dealt with the determination of the spores seen in Mr, Wethered s 
microscopic sections. Taking the macrospores, the resemblance to 
those of IsoUes could not fail to strike the botanist. Ho had pro- 
cured some herbarium specimens of Isoetes laciisttis in fruit, and 
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compared the sporejs with those from the coal. When gently crushed, 
the identity of the appearance presented by these forms from the 
coal was very striking. The tri radiate markings of the latter were 
almost exactly like the flattened throe radiating lines which mark 
the upper hemisphere of the macrospores of Iso 'etes IcLcustris, The 
writer therefore concluded that the forms in the coal were from a 
group of plants having affinities with the modern genus Isoetes^ and 
from this Isoetoid character he suggested the generic title of Isoetoides 
pending further investigation. 

Discussion. 

Mr. Cakruthees thanked the author for the trouble he had taken 
in these investigations, the results of which were of value, although 
he could not accept the conclusions arrived at. He rt'marked that 
there was no doubt as to tho nature of the vegetation which formed 
the coal. The triradiate structure of the macrospores referred to 
was merely a superficial marking wdiich threw very little light on 
the affinities of the spores. Tliese spores had been found connected 
with leaves of Suflllaria and Lepidodemlron. The coal itself had 
been a soil which sup]3orted tho vegetation ; it is penetrated by the 
Sti(/marice, roots of SIr/ilJarui and LepidiKU ndroa^ and by roots of 
other plants. In the museum, either at Huddersfield or Leeds, 
there is a stem of a tShjUhtria filled wnth white sandstone and pene- 
trating far into the coal-bed, showing that the trees grew in the coal 
itself. Coal-seams are the remains of forests wTiich grew upon 
swampy ground and were suhsequcntly covered by el ay. He had 
never found true w’ood-tissue in coal. Spores were first noticed in 
coal by Professor Morris. They abound in some places, hut tliere is 
no reason to attribute them to isoetes or to any other form of sub- 
merged vegetation. 

Prof. W. Boyd Dawkins agreed with Mr. Carruthers in differing 
from the author. lie had never scon s])orangia in coal, although 
macro- and microsporos abounded. Coal is composed of two princi- 
pal elements, carbon proper and a fossil resin, to which the blazing 
property of coal is due. He agreed wdth Prof. Huxley in the view 
that the latter is mainly due to the spores ; but tho blazing element 
cannot be wholly attributed to them. According to the highest 
chemical authority woody tissue cannot by ordinary process of decay 
be converted into resinous matter. The carbon is derived from the 
decomposition of vegetable tissue, the resin from the secretions of 
the cell in the living plant. The Carboniferous forests grew upon 
horizontal tracts of alluvium not far above tho water-line. 

Mr. E. T. Kewton considered this paper to be tho first systematic 
attempt that had been made to ascertain the microscopic structure 
of a consecutive series of coal-beds. Certain coals were undoubtedly 
made up of macro- and microspores. lie remarked that there are 
three principal kinds of layers in coal — bright, dull, and interme- 
diate. The dull layer contains dotted tissue, the intermediate 
macro- and microspores, and the bright a brown substance, usually 
without structure, hut in one case within his knowledge entirely 
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composed of spores, and Mr. Wethered had found this same brown 
substance formed by vegetable tissue. 

Prof. T. ItuPERT Jones inquired of Prof. Poyd Dawkins how 
Conifers were to be traced in coal if not by structure. He thought 
that the spores would themselves supply the resinous or hydro- 
carbonaceous matter. 

Mr. Bauerman commented on the value of the author’s diagrams 
as showing very clearly the freedom of coal substance from mineral 
matter when the partings w(irc sei)arated. As regarded the latter, 
was there any distinction, as in the proportion of alkalies &c., between 
them and the under-clays? While agreeing with the author as to 
the unfitness of the term bituminous (as coals contained no consti- 
tuent removable by the reagents in wliich natural bitumens were 
soluble), ho thought the term hydrocarbon was no improvement. 
To him both the tissues and the structureless parts of the author’s 
sections seemed to he of the same nature, namely, pseudomorphs in 
coal-substance. CVystalline hydrocarbons (paraffines) had been ob- 
tained by Mr. Tliomas from the gases of some coals under conditions 
which seemed to indicaic their existence as such in the coal ; and if 
such substances were ])rescnt they should be recognizable. As plants 
are made up of materials varying very considerably in their resis- 
tance to decomposition, and as only the more stable ones were likely 
to retain their structure, tlie fact of such structures as those of 
spores being recognized in microscopic sections seems to be no proof 
that whole seams werci made up of them. ' 

Mr. KrnsTON considered that there was no doubt that coal was 
a product of terrestrial vegetation, but said that it was doubtful if 
Conifers really occur in coal. 8j)orangia are abundant in parts ; 
but he had found that they were rare in Hcotcb coal. 

Mr. Carkutuers, in explanation, said, that the macrospores wore 
not originally composed of brown substance, but merely filled 
witli it. 

The Author, in reply, said, Sii(jmari<v might be roots of plants 
allied to Jsoetes. Lqndochndron and ShjUlaria were regarded as 
allied to the existing TjijoopodUi^ as also was Isoldes, so that there was 
no reason why an Isoetoid plant should not have Stir/ mar la’-roots^ 
and Isoetes is the only existing plant of the group iu which the 
macrospores show triradiate structure. His conclusions were entirely 
based on the evidence of the microscope. He remarked that Prof. 
Boyd Dawkins had formerly adhered to the views of Prof. Huxley, 
so that he must now have materially changed bis opinion. In reply 
to !Mr. Bauerman he said that some partings were very similar 
to under-clay, and that decomposed vegetable tissue could not well 
bo crystalline. To Mr. Kidston he said that if sections were made 
thin enough, spores would probably bo found even in some Scotch 
coals. 


2. “ On Strain in connexion with Crystallization and the Deve- 
lopment of Perlitic Structure.” By Frank llutley, Esq., F.G.S. 
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3. “ Sketches of South-African Geology. No. 1. A Sketch of the 
High-level Coal-field of South-Africa.’^ By W. H. Penning, Esq., 

r.G.s. 


The following specimens were exhibited : — 

Canada Balsam dried on an iron plate, exhibiting artificial “ Per- 
litic structure,” exhibited by Prof. Judd, P.R.S., Sec. G.8. 

Specimens and microscopic sections, exhibited by Messrs. Wethcred 
and Rutley, in illustration of their papers. 


March 22, 1884. 

Prof. T. G. Bonnet, D.Sc., E.R.S., President, in the Chair 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “ On Ehjtidoskiis capensis^ Owen, a Labyrinthodont Amphibian 
from the Trias of the Cape of Good Hope.” By Sir Richard Owen, 

K.C.B., r.R.s., r.G.s. 

2. “ On the Occurrence of Antelope-remains in Newer Pliocene 
Beds in Britain, with the Description of a new Species, Gazella 
anglica” By E. Tulley Newton, Esq., E.G.S. 

3. “ A Comparative and Critical Revision of the Madreporaria of 
the White Lias of the Middle and Western Counties of England, 
and of those of the Conglomerate at the Base of the South-Wales 
Lias.” By Robert E. Tomes, Esq., F.G.S. 

The following were exhibited : — 

Specimens and casts exhibited by E. T. Newton, Esq., P.G.S., in 
illustration of his paper. 

Two Gazelle skulls, exhibited by R. Lydekker, Esq., F.G.S., in 
illustration of Mr. Newton’s paper. 

Stereoscopic drawings of skeleton models of crystalline forms, ex- 
hibited by James Love, Esq., F.G.S. 
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April 2, 1884. 

Prof. T. 6. BoNNEr, D.Sc., r.B..8., President, in the Chair. 

Frank Gotto, Esq., 17 b, Great George Street, 8.W., and Rio 
Janeiro ; and George Varty Smith, Esq., The Luham, Edenhall, 
Penrith, were elected Fellows, and Dr. E. Mojsisovics von Mojsv^, 
of Vienna, a Foreign Correspondent of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “ The Rocks of Guernsey.” By the Rev. E. Hill, M.A., F.G.S. 
"With an Appendix on the Microscopic Structure of some of the 
Rocks, by Prof. T. G. Bonney, D.Sc., F.R.S., Pres. G.S. 

2. “ On a new specimen of Megaliclitliys from the Yorkshire Coal- 
field.’^ By Prof. L. C. Miall, F.G.S. 

3. “ Studies on some Japanese Rocks.” By Dr. Bundjiro Koto. 
Communicated by Frank llutlcy, Esq., F.G.S. 

The following objects were exhibited : — 

Rock-specimens and microscopic sections, exhibited by the Rev. 
E. Hill, F.G.S., in illustration of his paper. 

A specimen of Megidhlithys, exhibited by Prof. L. C. Miall, F.G.S., 
in illustration of his paper. 

Microscopic sections, exhibited by F. Rutley, Esq., F.G.S., in 
illustration of Dr. Koto’s paper. 

A globe with a great circle, which nearly corresponds to the prin- 
cipal gold-producing mines of the world, exhibited by Mr. J. Bad- 
deley. With reference to this last object the President stated that 
the exhibitor, who had been engaged for the last thirty years in 
gold-mining in various parts* of the world, had marked upon a small 
globe a great circle of the earth, cutting the e quator obliquely in 
long. 10° E. and 170° W., and wdth its northern and southern 
tropics in lat. 45°. This circle wnll be seen to correspond nearly in 
position to some of the principal gold-producing mines of the world, 
in Australia, in several parts of Is^orth America (from California to 
Kova Scotia), and in Africa. He wished especially to call attention 
to the circumstance that gold-mines on this belt are worked to 
greater depths than in Spain or other old gold-mining countries, and 
suggested that attention should be paid to the regions traversed by 
the circle in Africa, such as the head-waters of the Zambesi and 
Quango rivers. 
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April 23, 1884. 

Prof. T. G. Bonnet, D.Sc., F.E.S., President, in the Chair. 

The Eev. Prank Ballard, M.A., Euston Grove, Birkenhead, was 
elected a Fellow of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

\ Geology of the Country traversed by the Canadian 

Pacific Eailway, from Lake Superior to the Eocky ^lountains.’’ By 
Principal J. W. Dawson, C.M.G., F.E.S., F.G.S. 

2. “ On the Dyas (rcrinian) and Trias of Central Europe, and 
the true divisional line of these two formations.*’ By the Eev. 
A. Irving, B.Sc., B.A,, F.G.S. 

The following objects were exhibited : — 

Eock-specimens of tlio older formations (Laiircntian) of Assouan 
Egypt, exhibited by Principal J. W. Pavson, C.M.G., E.ll.S,’ 
F.G.S. ’ 

Eock-spccimens, exhibited by the Eev. A. Irving, B.Sc., B.A. 
F.G.S., in illustration of his pajior. ’ *’ 

A Photogra])h of Sfyhfivrv a eanhior, If all, from the Catskills or 
Old Ecd Sandstone of the State of jN'ew York, exhibited bv Dr IT 
Woodward, F.E.S., F.G.S. 

A Map of the Eariliqiiake-wave of the 22nd April, in Eimdand 
exhibited by W. Topley, Esq., F.G.S. ’ 


May 14, 1884. 

Prof. T. G. Bonnet, D.Sc., F.E.S., President, in the Chair. 

John Euscoe, Esq., Prospect Ilouse, Hyde, near Manchester, was 
elected a Fellow of the Society. 

The List of Donations to the Library was read. 

The following communications were read : — 

1. “On the Pre-Cambrian Eocks of Pembrokeshire, with especial 
reference to the St. Davids District.” By Dr. Henry Hicks F G S 
with an Appendix by Thomas Davies, Esq., F.G.S. ’ * * •» 
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2. “ Note on a specimen of Iron Amiantlius.*^ By the Eev. J. 
Magens Mello, M.A., F.G.S. 

The accompanying specimen was found at the bottom of one of 
the Wingeworth iron-furnaces, near Chesterfield, and was given to 
me by Mr. Arthur Carrington, one of the owners. 

The furnaces have been lately blown out for repairs, and in the 
mass of slaggy refuse at the bottom a thin layer of the curious pro- 
duct known as iron amianthus was interposed between the sand 
and the iron refuse. 

The red sand at the bottom of the furnace was converted in its 
upper part into a compact hard white sandstone, an inch or two in 
thickness, and upon the top of this the Iron Amianthus occurred in 
snow-white fibrous masses, the fibres radijiting in a concentric 
manner, and forming more or less botryoidal concretions, somewhat 
resembling hmmatite in appearance, and separated by extremely 
thin plates or septa of iron, by which the entire mass is divided into 
irregular prisms of about half an inch in diameter. 

A similar product is described by Percy as occurring in the blast- 
furnaces of the Harz, and is said to consist almost entirely of fibrous 
silica, with a few specks of iron and grapliite, and minute cubes of 
nitro-cyanide of titanium. Both graphite and titanium occur in 
the Wingeworth refuse ; the graphite is found in thin plates, the 
nitro-cyanide of titanium in masses of crystals. 

Percy states that the origin of the iron amianthus is found in 
the oxidation of the silicon, which is separated in greater or less 
degree under the same conditions as graphite, and is oxidized at a 
high temperature. 

The following specimens were exhibited : — 

Microscopic Sections and Bock-specimens, exhibited by Dr. H. 
Hicks, F.G.S., in illustration of his paper. 

Specimens of “ Iron Amianthus,” exliibited by the Bev. J. Magens 
Mello, M.A., F.G.S., in illustration of his Note. 


May 28, 1884. 

Prof. T. G. Boxxet, D.Sc., F.B.S., President, in the Chair. 

John George Goodchild, Esq., Geological Survey of England 
and Wales, 28 Jermyn Street, S.W. ; Alexander Johnstone, Esq., 
Elairlodgo School, Polmont Station, N.B. ; and John Taylor, Esq., 
M. Inst. C.E., 6 Queen Street Place, E.C., were elected Fellows, and 
Professor G. Meneghini of Pisa, a Foreign Member of the Society. 

The List of Donations to the Library was read. 
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The following Donation to the Museum was announced ; 

Specimens of “ Iron Amianthus/’ presented by the Rev. J. Magens 
Mello, M.A., F.G.S. 

The Secretary announced that Prof. P. Martin Duncan, F .B.S., 
F.G.S., had presented a large framed photograph of himself ; and that 
Messrs. Maull and Fox had presented 47 photographs of Fellows of 
the Society 

The following communications were read : — 

1. ’ “ The Archscan and Lower Palaeozoic Rocks of Anglesey.” By 
Dr. C. Callaway, F.G.S. With an Appendix on some Rock-spe- 
cimens, by Prof. T. G. Bonney, D.Sc., F.R.S., President G.S. 

2. “On the new Railway-cutting at Guildford.” By Lt.-Col. 
H. H. Godwin-Austen, F.R.S., F.G.S., and W. Whitaker, Esq., B.A., 
F.G.S. 

3. “ On the Fructification of Zelllena (Splienopterls) delicatula^ 
Sternb., sp., with remarks on Ursatopteris (Sphenopteris) tenella, 
Brongn., sp., and Hymenophyllites (Sphenopteris) quadridactylites, 
Gutb., sp.” By R. Kidston, Esq., F.G.S. 

4. “ On the Recent Encroachment of the Sea at Westward Ho !, 
North Devon.” By Herbert Green Spearing, Esq. Communicated 
by Prof. Prestwich, M.A., F.R.S., V.P.G.S. 

5. “ On further discoveries of Footprints of Vertebrate Animals 
in the Lower New Red of Penrith.” liy George Varty Smith, Esq., 

F.G.S. 

The following speeimens were exhibited ; — 

Rock-specimens and microscopic sections, exhibited by Dr. Calla- 
way, F.G.S., in illustration of his paper. 

jSucks and fossils from Anglesey, exhibited by Prof. T. 
Hughes, M.A., F.G.S. 

Five Stereoscopic Drawings of ditetragonal crystalline forms, ex- 
hibited by James Love, Esq., F.G.S. 

Casts, exhibited by G. Varty Smith, Esq., F.G.S., in illustration 
of his paper. 
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June 11, 1884. 

Prof. T. G. Bonnet, D.So., F.11.S., President, in the Chair. 

Charles Edward Bainbridgc, Esq., Middleton in Teesdale ; John 
J. Evans, Es({., Bangor, North Wales; William Frederick Fremers- 
dorflf, Esq., llosencath Villa, Castle Eoad, Cardiff ; and Henry De 
Morgan Snell, Esq., Pornambuco, Brazil, were elected Fellows of 
the Society. 

The following names of Fellows of the Society were read out for 
the first time in conformity with the Bye-laws Sec. VI. B. Art. G, 
in consequence of the non-payment of the arrears of their contribu- 
tions:— G. P. Bevan, Es(p, B. P. Bidder, Esq., W. A. BjTom, Esq., 
J. Coates, Esq., Dr. W. B. Kerashead, Sergeant AV. Parsons, It.E., 
T. J. Price, Esq., F. E. Itandell, Es(]., S. B. J. Skertchley, Esq., and 
i)r. J. Shaw, of Cape Town. 

The List of Donations to the Library was read. 

The following communications wore read : — 

1. “The Jlauge of the Palmozoic Bocks beneath Northampton.” 
By Henry John Eunson, Esq., F.G.S. 

2. “ On some Zaphrentoid Corals from British Devonian Beds.” 
By A. Champernowno, Esq., M.A., F.(LS. 

3. “On the Internal Structure of Mlcrahacia coromda^ Goldf., 
sp., and its Classificatory Position.” By I'rof. P. Martin Duncan, 
M.B. (Lond.), F.K.S., F.G.S. 

4. “ A Correction in the assumed Amount of Energy developed by 
the Secular Cooling of the Earth as stated in two Papers by the late 
liobert Mallet, M.A., F.R.S., in the ‘ Philosophical Transactions,’ 
1874-5.” By W. F. Stanley, Esq., F.G.S. 

[Abstract.] 

According to Mr. Mallet’s theory, as detailed in the two papers 
named above, the amount of heat lost from the initial temperature 
of the earth will represent in units of energy the force of its con- 
traction, which he assumed will be active, especially in surface 
phenomena. To the force of contraction developed by cooling Mr. 
Mallet attributes the inclination, upheaval, crumpling, and dislo- 
cation of all strata, past or present, together with all volcanic 
phenomena. 

The calculations for the amount of energy upon which he most 
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far as lat. 22°, south of which the central part s of Madagascar arc 
practically unknown to Europeans. 

Some crater-lakes and numerous hot and mineral springs occur. 

Earthquakes are occasionally felt in the island, most frequently 
in the months of September and October. The shocks are generally 
slight. 

Only a single trap-dyke is known near Antananarivo. The hills 
around this city are of varieties of granite (? granitoid gneiss). The 
general direction of the strata is parallel to the long axis of the 
island. 

Marine fossils have been found by llev. J. Jlichardson and Mons. 
Grandidicr in the south-west part of the central plateau. These 
fossils are referred by the last-named traveller to the Jurassic 
system. Remains of Hippopotami^ gigantic Tortoises, and an extinct 
Ostrich-like bird have also been recorded. North and north-west 
of the fossiliferoiis rocks, between them and the volcanic district of 
Ankaratra, sandstone and slate occur. North of this volcanic dis- 
trict again is a tract of country in which silver-lead (mixed with 
zinc) and copper are found. 

Near the north-western edge of the central plateau are granitic 
escarpments facing northwards and about 500 feet high. Home 
details were also given of valleys through thi? ccmtral ])latcau and of 
lagoons within the coral reefs on the coasts. To these remarks 
succeeded some details of tlie physical features exhibited by the 
province of Imerina as seen from Antananarivo. 

14. Notes on some Cretaceous Lichenoporidm.” Ry G. li. Vine, 
Esq. Communicated by Prof. P. Martin Duncan, M,]h Loud., F.U.S., 
E.G.S. 

The following specimens were exhibited : ~ 

Specimens of Jurassic Calcispongcs and microscopic sections from 
them, exhibited by Dr. G. J. Hinde, E.G.H., in illustration of his 
paper. 

Specimens of Conoeems^ exhibited by T. Roberts, Esq., E.G.S., in 
illustration of his paper. 

Specimens from the Whin Sill and of American diabase, exhibited 
by J. J. H. Teall, Esq., P.G.S., in illustration of his paper. 

Specimens of lleceptaciditcs from Canada, lent by J. F. Whiteaves, 
Esq., F.G.S. ; of IsHiadites from the Isle of Gotland, lent by Prof. G. 
Jindstrdm; and microscopic sections of Acanthochonia from Bohemia; 
exhibited by Dr. G. J. Hinde, F.G.S., in illustration of his paper. 

Specimens, exhibited by Dr. G. W. Parker, in illustration of his 
paper. 

Specimens of the Core of the Richmond Boring, and the Thermo- 
meter w ith which the temperature was taken, exhibited by Collett 
Homersham, Esq., F.G.S. 
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I. ADDITIONS TO THE LIBEAEY. 

1. Peeiodicals anb PuBLicAnoNS OF Leaeneb Societies. 

Presented hj the respective Societies and Editors^ if not otherwise 
stated. 

Academy. Nos. 581- G08. 1883. 

. Nos. 609-633. 1884. 

Adelaide. Eoyal Society of South Australia. Transactions, Pro- 
ceedings, and lleport for 1882-83, Vol. vi. 1883. 

T. C. Cloud. A Catalogue of Soutli Australian Minerals, 72. —E. Tate. 
The Botany of Kangaroo Island, with Notes on its Geology, 116. 

Albany. New York State Library. Catalogue, 1882. First Sup- 
plement to the Subject-Index of the General Library for ten 
years, 1872-82. 1882. 

62nd Annual Eeport of the Trustees, for the year 
1880. 1880. 

. 63rd 1881. 1881. 

-. . 64th 1882. 1882. 

Analyst. Yol. viii. Nos. 88-93. 1883. 

— . Vol. ix. Nos. 94-99. 1884. 

Annals and Magazine of Natural History. Ser. 5. Yol. xii. Nos. 
67-72. 1883. Purchased, 

E. D. Cope. On the Mutual Eelations of the Bunotherian Mammalia, 
20.— H. J. Carter. On the Microscopic Structure of thin Slices of Fossil 
Calcispongiffi, 26— G. C. Wallich. Note on the Detection of Polycystina 
. within the hermetically closed Cavities of certain Nodular Flints, 52.— 
S. V. Wood. The ^^Crag Mollusca,” 63, 208.— J. Gwyn Jeffreys. The 
“ Crag Molluflca,’’ 143.— J\ S. New^berry. Notes on some Fossil Plants 
from Northern China, 172,-- T. Eupert Jones. Notes on the Palaeozoic 
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Bivalved Entomostraca, No. xvi., 243. — W. 0. Crosby. Elevated Coral 
Reefs of Cuba, 283. — II. A. Nicholson. Contributions to Micro-P^aeon- 
tolopy: On Stenopora Howsii, Nich., with Notes on Monticulipora ? 
tumidu, Phill., and Remarks on Tahulipora Urii, Young, 285. — H. J. 
Carter. Spicules of Spongilla in the Diluvium of the Altmiihl Valley, 
Bavaria, 329. — 0. Ileer. On the Fossil Flora of Greenland, 426. 

Annals and Magazine of Natural History. Ser. 5. Vol. xiii. Nos. 
73-78. 1884. Purchased. 

II. A. Nicholson. Note on the Structure of the Skeleton in the Genera 
Corallium, Tuhipora^ and Syringopm'a, 29. — C. 1). Walcott. Injury sus- 
tained bv the Eye of a Ti ilobite at the time of the Moulting of the Shell, 
69. — ^R. Ividston. On a Specimen of Pecoptens (? polyrnorpha^ Brongn.) 
in Circiuate Vernation, with Remarks on the Genera Spiropteris and 
Phizomopteris of Schimper, 72. — R. Kidston. On a new Species of 
Schufzia from the Calciferoiis Sandstones of Scotland, 77. — G. Lindstrom. 
A Reply to the Remarks of Prof. Duncan on a Paper entitled Contri- 
butions to the Actinology of the Atlantic Ocean,” 102. — H. AUeyne 
NiclioLson. Contributions to Micro-Palfleontology : Notes on some Species 
of Monticuliporoid Corals from the Upper Silurian Rocks of Britain, 117. — 
T. Ilincks. N ote on Professor G. Seguenza’s List of Tertiary Polyzoa from 
Reggio (Calabria), 265. — A. H. Foord. On three new Species of Mon- 
ticuliporoid Corals, 338. — H. J. Carter. Note on the assumed Relation- 
ship of Parheria to Stromatojjoray and on a Microscopic Section of Stro~ 
matopm'a marnillata^ Fr. Schmidt, 353. — L. F. Ward. On Mesozoic 
Dicotyledons, 383.— P. M. Duncan. On Prof. Lindstrom’s Remarks on 
Prof, l^ Martin Duncan^s Criticisms, 416. — F. W. Hutton. On the Origin 
of the Fauna and Flora of New Zealand, 425. — J. W. Davis. Descrip- 
tion of a new Genus of Fossil Fishes from the Lias, 448. — P. M. Duncan. 
On the Relation of the Pali of Corals to the Tentacles, 406. — R. Ethe- 
ridge, jun., and A. H. Foord. Descriptions of Palaeozoic Corals in the 
CoUections of the British Museum, 472. 

Army Medical Department. Report for the year 1881. Vol. xxiii. 
1883. 

Athenaeum (Journal). Nos. 2904-2931. 1883. 

. Nos. 2932-2956. 1884. 

. Parts 665-671. 1883. 

. Parts 672-677. 1884. 

Barnsley. Midland Institute of Mining, Civil, and Mechanical 
EiJgineers. Transactions. Vol. viii. Parts 66-68. 1883. 

. . . Vol. ix. Parts 69-71. 1883-84. 

Basel. Naturforschende Gesellschaft. Verhandlungen. Theil vii. 
Heft 2. 1884. 

L. Rutimeyer. Studien zu der Geschichte der Hirschfamilie, 399. 

. Schweizerische pal aontologische Gesellschaft. Abhandlungen. 

Vol. X. (1883). 1883. Purchased. 

L. Rutimeyer. Beitrage zu einer naturlichen Geschichte der Ilirsche, 
Theil, No, 1. — P. de Loriol et H. Schart. Etude pal^ontologiquo et 
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stratigrapilique des couches a Mytilus des Alpes vaudoises, No. 2. — 
Koby. Monographie des polypiers jurassiques de la Suiss^ 3® partie, 
No. S. — P. de la Harpe. Etude sur les Nummulites de la Suisse, tin, 
No.. 4. 

Bath. Natural-History and Antiquarian Field Club. Proceedings. 
Yol. V. No. 3. 1884. 

Wright. The Cause of Earthquakes, 212. — ^H. H. Winwood. On a 
Bheetic Section near Kelston, 220. 

Belfast. Natural-History and Philosophical Society. Report and 
Proceedings for the Session 1882-83. 

J. J. Murphy. On Deltas, 19. 

. Naturalists’ Field Club. Proceedings. Annual Report, 

1882-83. Ser. 2. Yol. ii. Part 3. 1884. 

Berlin. Deutsche geologische Gesellschaft. Zeitschrift. Band xxxv. 
Hefte 2-3. 1883. 

S. A. Tullberg. Ueber die Schichtenfolge des Silurs in Schonen, 
nebst einem Vergleiche mit anderen gleichalterigen Bildungen, 223. — 
J. G. Bornemann. Palaontologisches aus dem cambrischen Gebiete von 
Canalgrande in Sardinian, 270. — H. Credner. Die Stegocephalen aus 
dem Rothliegenden des Plauen’schen Grimdes bei Dresden, 275. — E. F. 
Geinitz. U^er die gegenwartige Senkung der mecklenburgischen Ost- 
seekiiste, 301. — E. Kayser. Beschroibung einiger neuen Gouiatiten und 
Brachiopoden aus dem rheinischen Devon, 300. — F. Notling. Ueber 
diatomeenfiihrende Scliichten des vrestpreussischen Dilu\dums, 318. — 
F. Notling. Beitrag zur systematischen Stellung des Genus Porambo^ 
niteSf Pander, 355. — E. Zimmermann. Ueber einen neuen Ceratiten aus 
dem Grenzdolomit Thiiringens und liber Ghicialerscheinungen bei Klein- 
Porthen z-wischen Gera und Zeitz, 382. — Y. Gillit^rori. Erwideruug, 387. 
— Tecklenburg. Geognostiwche Beschreibung des Krahbergtunnels, 401. 
— F. Romer. Ueber eine Art der Limulidtm-Gattung Pelinurus aus 
dem Steinkohlengebirge Oberschlesiens, 429. — G. Schulze. Die Serpen- 
tine von Erbendorf in der baverischen Ober-Pfalz, 433. — F. Kollbeck. 
Ueber Porphvrgesteine des sudostlichen China, 4G1. — K. Bleibtreu. 
Beitrage zur Renntnias der Einschliisse in den Basalten, mit besonderer 
Beriicksiclitigung der Olivinfels-Einschliisse, 489. — J. Lemberg. Zur 
Kenntuiss der Bildung und Umwandlung von Silicaten, 557. — E. Laufer. 
Ueber Aufschliisse im Diluvium von Schonen und der Inscl Hven, 619. — 
A. von Konen. Nordische Glacial-Bildungen bei Seesen und Ganders- 
heim, 022. — E. Laufer. Ueber die weitere Yerbreitung von Riesenkesseln 
in der Luneburger Haide, 623. 

. Gesellschaft naturforschender Freunde. Sitzungsberichte. 

Jahrgang 1883. 1883. 

A. Nehring. Uelx^r eine fossile Siphiem-Kri {Siphneus arvicoUrms^ n. sp.) 
aus lacustrinen Ablagerungen am oberen Hoanglio, 19. — W. Dames. 
Ueber hornlose Antilopen von Pikermi in Attica, 25.— A. Nehring. Ueber 
neue bei Westeregeln gemachte Fossilfunde, sowieiiber die Yorgeschichte 
des Pferdes in Europa, 50. — A. Nehring. Ueber das fossile Yorkommen 
von Cervus dama^ Cyprinm carmo und Di'dssena polymorpha in Nord- 
deutschland, 68. — W. Dames. Ueber eine neue Antilope aus dem I’lic- 
can von Pikermi in Attica, 95. — M. Websky. Ueber zwei interessaute 
Exemplare aus den letzten Erwerbungen des mineralogischen Museums, 99, 
— W. Dames, Ueber das Yorkommen von Ursua im Diluvialsande von 
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Eixdorfbei Berlin, 105.— M. Websky. IJeber die sogenannten Lutoten 
in den in der Gegend dee Gotthard Torkoinmenden ’ ji",: 

— W. Dames. Ueber das Vorkommen von Ilymmrdon m den ^liocen 
Ablafrerunf^en von Pikermi bei Atben, 132. F. HilffeDdo . 
fossilo Eidechse (Propseudopus Frmsiiy sp. n.) 
temberg, 139.--K. A. Lossen. Ueber Porphyroide ui^er 
Beriicksichtigung der sogenannten Flaserporpbyre in Westfalen 
Nassau, 154. 

Berlin. Konigliche preussiscbe Akademie der Wissenschaften. Sit- 

zungsberichte, 1883. Nos. 22-37. 1883.^ a i x •• 

M. Websky. Ueber Jeremejewit und Eichwaldit vom Uerge boKteij 
in JJauiien, (i71. 

. . , 1884. Nos. 1-16. 1884. 


— . PaloDontologische Abhandlungen. Band i. Hefte 2-4. 1 883. 
Purchased, 

W. Branco. Ueber eine fossile Saugethier-Fauna von Piinin bei Rio- 
bamba in Ecuador, mit einer geologischen Einleitung von AV^. Reiss. — 
O. Weinsheimer. Ueber Dinotherium gufantaum, Ivaup. — J. Scbmal- 
bausen. Beitrage zur Tertiitr-Flora Siid-\Vest-Russlands, 1. 


. . Band ii. Heft 1. 1884. Purchased, 

0. Weertb. Die Fauna des Neocomsandsteins im Teutoburger 
Walde, 3. 

. Zeitsebrift fiir Natunvissenschaften. Band Iv. 1882. 

C. Frenzel. Ueber die Abbangigkeit der mineraJogisclien Zusammen- 
setzung und Structur der Massengesteine vom geologisclien Alter, 1. — 
E. Dunker. Weiteres iiber den Einfluss der Rotation der Erde auf den 
J^auf der Fliisse, 67. — E. Dunker. Ueber Formeln zur Bestimmung der 
Einwirkung der Rotation der Erde auf die Fliisse, 331. — F. Beyschlag. 
Phacoptci'is sarana^ n. sp., 410. — F. Beyschlag. Geognostische Skizze 
der Umgegend von Crock im Tburinger Walde, 571. 

Bern' Schweizer Alpcnclub. Jahrbueb. Jahrgang 17 (1881-82). 
1882 & Beilage (Maps &c.). Purchased. 

F. A. Forel. La grande ptSriode de retraite des glaciers des Alpes de 
1850 a 1880, 321. 

. . . Jahrgang 18 (1882-83). 1883 & Bcilago 

(Maps &c.). Purchased. 

F. A. Forel. Les variations pdriodiques des glaciers des Alpes, 251. — 
A. Heim. Der alte Bergsturz von Films, 295. — F. Becker. Der Berg- 
Bturz der Diablerets, 310. 

. . . JahrganglD (1883-84). 1884 & Beilagen 

(Maps &c.). Purchased. 

0. 1 leer. Uebersiebt der nivalen Flora der Sebweiz, 257. 


Birmingham. Mason Science College. Calendar for the Session 
1883-84. 1883. 

Birmingham Philosophical Society. Proceedings. Vol. iii. Parts 
1 & 2. 1883-84. 

W. J. Harrison. On the Quartzite Pebbles contained in the Drift, 
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and in the Triassic Strata of England, and on their Derivation from an 
Ancient Land Barrier in Central England, 157. — F. T. S. Hoiightom 
Note on the Age of the Quartzite of the Lickey, 206. — H. W. Crosskey. 
On a Section of Glacial Drift recently exposed in Icknield Street, Bir- 
mingham, 209. — C. Lap worth. History of the Discovery of Cambrian 
Bocks in the Neighbourhood of Birmingham, 234. — TI. W. Crosskey, 
Grooved Blocks and Boulder Clays of Bowley Hill, 459. 

Bombay. Bombay Branch of the Royal Asiatic Society. Journal. 
Yol. xvi. No. 41. 1883. 


Bordeaux. Socidte Linneenne. Actes. Yol. xxxvi. (Scrie 4, 
Tome vi.) 1882. 

1C. Benoist. Les puits artesiens des docks a Bordeaux, ix. — E. Benoist. 
Note sur les sables coquilliers dc Terre-Negre, xxv. — Degrauge-Touzin. 
Note geologique au sujet de I’excursioii trimcstricUe a Sainte-Croix-du 
Mont, XXX. — Degrange-T(juzin. Le re trait ghiciaire dans les I^renees, 
lix. 


Boston. American Academy of Arts and Sciences. Proceedings, 
N.S. Yol. X. 1883. 

Boston Society of Natural Histor}\ Memoirs. Yol. iii. Nos. 0 & 7. 
1883. 

S. H. Scudder. The Carboniferous Hexapod Insects of Great Britain, 

210 . 


. . . No. 9. 1884. 

S. IT. Scudder. Two new diverse Types of Carboniferous Myriapods, 
285. — S. H. Scudder. The Species of Mylacru^ a Carboniferous Genus 
of Cockroaches, 299. 


. Proceedings. Yol. xxi. Part 4. 1882. 

H. \Y. Haynes. Indications of nii Eai'ly Race of Men in New England, 
382. — S. H. Scudder. A new and unusually perfect Carboniferous Cock- 
roacli from Mazon Creek, 111., 391. — S. H. Scudder. Notes on Tertiary 
Neuroptera from Florrisant and Green River, 407. — N. F. Menill. Con- 
cerning the Lithological Collection of the Fortieth Parallel Survey, 452, 

Yol. xxii. Part 1. 1883. 

W. M. Davis. Glacial Erosion, 19. — S. 11. Scudder. Older Fossil 
Insects west of the Mississippi, 58. — W. O. Crosby. Classification and 
Origin of Joint-structures, 72. — C. C. Abbott. A recent Find in the 
Trenton Gravels, 90. — F. Zirkel, Some Remarks upon the Petrographical 
Collection of the GeologiwU Exploration of the Fortieth Parallel, 109. — 
W. M. Davis. The Structural Value of the Trap Ridges of the Connec- 
ticut Yalley, 116. — W, O. Crosby. On the Elevated Coral Reefs of 
Cuba, 124. 

Brighton. Brighton Health Congress. Transactions, 1881, 1883 (?). 
Presented hy J, E, MayaU^ Esq, 

E. Mackey. Geology and Climate of Brighton, 57. 

British Association for the Advancement of Science. Report of the 
Fifty-third Meeting, held at Southport in September 1883. 
1884, 

J. D. Everett. Sixteenth Report of the Committee appointed for the 
purpose of investigating the Rate of Increase of Underground Temperan 
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ture downwards in various Liocalities of Dry Land and under Water, 45. — 
J. W. Davis. Report of the Committee appointed to assist in the Ex- 
ploration of Raygill Fissure, Yorkshire, 133. —li. W. Crosskey. Eleventh 
Report of the Committee for the purpose of recording' the Position, Height 
above the Sea, Lithological Characters, Size, and Origin of the Erratic Blocks 
of England, Wales, and Ireland, reporting other matters of interest con- 
nected with the same, and taking measures for their Preservation, 130. — 
C. E. De Ranee. Ninth Report of the Committee appointed for the 
purpose of investigating the Circulation of Underground Waters in the 
Permeable Formations, 147. — W. Cash. Report of the Committee ap- 
pointed for the purpose of in vestigating the Fossil Plants of Halifax, 160. 
— G. R. Vine. Fourth Report of the Committee appointed for the pur- 
pose of reporting on Fossil Polyzoa, 161. — W. H. Bailv. Fourth Report 
of the Committee appointed for the purpose of investigating the Tertiary 
Flora of the North of Ireland, 200. — J. Milne. Report of the Committee 
appointed for the purpose of investigating the Earthquake Phenomcma of 
Japan, 211. — T. R. Jones. Report of the Committee on the Fossil Phyl- 
lopoda of the Palaeozoic Rocks, 215. — A. Schuster. On some Measure- 
ments of Glacier-Motion in 1883, 434. — W. C. Williamson. Presidential 
Address to Section 0, Geology, 475. — C. E. De Ranee. Notes on Geo- 
logical Sections within Forty-miles Radius of Southport, 489.— G. H. 
Morton. Section across the Trias recently exposed by a Railway Excava- 
tion in Live^ool, 489. — W. Boyd Dawkins. The Master-Divisions of 
the Tertiary Period, 490. — J. W. Davis. On the Occurrence of Remains 
of Labyiinthodonts in the Yoredale Rocks of Wenslevdale, 492. — J. W. 
Davis. On some Fossil Fish-Remains found in the tipper Beds of the 
Yoredale Series at Leybiirn in Yorkshire, 492. — W. C. Williamson. On 
some supposed Fossil Alpe from Carboniferous Rocks, 493. — J. W. 
Dawson. On the Geological Relations anti Mode of Preservation of 
Eozoon canadense, 4{)^. — E. Hull. On the Geological Age of the North 
Atlantic Ocean, 494. — B. Latham. On the Influence of Barometric 
Pressure on the Discharge of Water from Springs, 495. — W^. H. Baily. 
Some additional N otes on Ant hr acomimis Edt/eij Baily, sp.,a large Sauro- 
Batrachian from the Lower Coal Measures, Jan’ow Colliery, near Castle- 
comer, County Kilkenny, 496.— M. Stirrup. Recent Opinions on the 
Loess Deposits of the Valley of the Rhine, 497. — J. Thomson. On a 
Coral Atoll on the Shore-line at Arbigland, near Dumfries, Scotland, 
498. — H. J . J ohnston-I^avis. Preliminary N otice t)f the Earthquake of 1 881 
in the Island of Ischia, 499, — H. J. Jolinston-Lavis. Prtdiminary Notice 
of the Earthquake of July 1883 in the Island of Ischia, 501. — A. Irving. 
Dyas verms Permian, 603. — A. Irving. On the Coloration of some Sands, 
and the Cementation of Siliceous Sandstones, 504.— H. G. Fordham. On 
a Boulder from the Chloritic Marl of Ashwell, Herts, 505. — T. G. Bonney. 
On a supposed case of Metaraorfihism in an Alpine Rock of Carboniferous 
Age, 507. — T. G. Bonney. Note on the Nagel-flue of the Rigi and Ross- 
herg, 607. — J.F. Blake. On the Pre-Cambrian Igneous Rocks of St. 
David’s, 507. — J . S. Diller. On the Geology of the Trood, 608. — J. Gunn. 
On the Causes of Change of Cliraaturo during long Periods of Time, and 
of Coincident Changes of Fauna and Flora, 509. — G. V. Smith. Pre- 
liminary Note on the further Discovery of Vertebrate Footprints in the 
Penrith Sandstone, 510. — C. S. Bate. Archeeastacus WiUemcesii, a new 
Genus of Eryonidae, 511. — W. Pengelly. Address to the Department of 
Anthropology, 649. — W. J. Knowles, On the Antiquity of Man in 
Ireland, 662. — G. B. Barron. On a Human Skull found . near Southport, 
662^W . Pengelly. On a Flint Implement found on Torre- Abbey Sands, 
Torbay, 564. — II. H. Godwin-Austen. Presidential Address to Section E, 
Geography, 676. — C. E. Peek, On the Hot Springs of Iceland and New 
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Zealand, with Notes on Maori Customs, 590. — W. Hancock. On the 
Volcanic and Earthquake Regions of Central America, with Observations 
on Recent Phenomena, 694. — C. Trotter. On New Guinea ; a Sketch of 
the Physical Geography, Natural Resources, and Character of the In- 
habitants, 696. — W. Hancock. On North Formosa, 697. — E. C. Baber. 
Curiosities of Travel on the Tibetan Frontier, 599. 

Brussels. Acadomie Royale des Sciences &c. de Belgique. Annuaire, 
1882. 1882. 


. . , 1883. 1883. 

Bulletins. Serio 3. Tome i. (1881). 1881. 

P. J. van Beneden. Sur iin poisson fossile nouveau des environs de 
Bruxelles et sur certains corps enigmatiques du crag d’ An vers, 116. — 
A. Peterman. Troisieme note sur les gisements de phosphates en Bel- 
gique et particulierementsurcelui de Mesvin-Ciply, 126. — F. L. Comet et 
A. Briart. Rapport sur le memoire de M. A. Rutot, ^ Sur la position strati- 
graphique des restes de mammiferes terrestres recueillis dans les couches 
de I’docene de Belgique,’ 464. — L. G. de Koninck. Notice sur le Prcs^- 
wichia rotuudata^ j. Prestwich, decouvert dans le scliiste houiller de 
Ilornu, pres Mons, 479. — A. Rutot. Hur la ])osition stratigraphique des 
restes de mamniifert'S terrestres recueillis dans les couches de r(k)cene de 
Belgique, 506. — P. .J. van Ikmeden. Rapport sur le memoire de M. G. 
A. Boidonger, ^Sur Parc pelvieii chcz les Dinosauriens de Bernissart,’ 
600. — C. Malaise. Rapi)ort sur le memoire de M. C. de la Vallet? Poussin, 
^ Sur des porphyroides fossiliferes rencou trees dans le Brabant,* 875. — 
C. de la Vallee Poussin. Note sur des Porphyroides fossiliferes rencon- 
trees dans le Brabant, 001. 

. . . . Tome ii. (1881). 1881. 

L. de Koninck. Rapport sur la ^ Notice sur la Monazite des carrieres 
de Nil-Saint-Vincent,’ par M. A. Renard, 71. — C. Malaise. Di^cuments 
paldoiitologiques relatifs au terrain cambrien de rArdeiino, 73. — A. Re- 
nard. Notice sur la Monazite des carrieres de Nil-St.-Vincent, 128. — 
A. Renard. Sur la substance micac(5e des filons de Nil-St.-Vincont, 287. 
— A. Briart. Rapport sur le memoire de M. Purves, ‘ Sur la delimitation 
et la constitution de I’etage houiller inferieur de la Belgique,’ 437. — J. C. 
Purves. Sur la delimitation et la constitution de I’etage houiller in- 
ferieur de la Belgique, 514. 

. -- — . . . Tome iii. (1882). 1882. 

C. Malaise et Stas. Rapport sur le memoire de M. A. Renard, ‘ Sur 
le zircon des carrieres de Nil-St.-Vincent,’ 144. — G. Dewalque. Sur 
rorimne des calcaires devoniens de la Belgique, 1()5, 464. — A. Renard. 
Sur le zircon des carrieres de Nil-St.-Vincent, 169. — E. Dupont. Sur 
une revendication de priorite, introduite devant 1’ Academic par M. G . 
Dewa^ue, a propos de nia note ‘ Sur I’origine des calcaires devoniens de 
la Belgique,’ 243, 739. — M. Mourlon. Rapport sur le memoire de M. S. 
Meunier, ^ Examen mindralogique des roches qui accompagnent le dia- 
iiiant dans les mines du Cap de Bonne-Esp«5rance,’ 316.— C. Malaise. 
Rapport sur le memoire de M. A. Renard, ‘Notice sur les roches de 
rile de Fernando Noronha, recueillies pendant I’expddition du “ Chal- 
lenger,” ’ 321. — A. Renard. Notice sur les roches de Tile de Fernando 
Noronha, recueillies pendant I’exp^^dition du ‘ Challenger,’ 252. — S. Meu- 
nier. Examen miniralogique des roches qui accompagnent le diamant 
dans les mines du Cap de Bonne-Espdrance, 374. 
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Brussels. Academie lloyale des Sciences &c. de Belgique. Bulletins. 
Sene 3. Tome iv. (1882). 1882. 

G. Dewalque. Sur la nouvelle note de M. E. Dupont, concernant 
sa revendication de priority, 172. — ^M. Mourlon. Considerations sur les 
relations stratigraphiques des psammites du Condroz et des schistes de la 
Famenne proprement dits, ainsi que sur le classement de ces depots devo- 
niens, 504. — A. Briart, F. L. Cornet et G. Dewalque. Rapports sur le 
memoire concernant les terrains tertiaires beiges appartenant ^ la sene 
eocene, 040, 648. 

. . . . Tome V. (1883). 1883. 

C. Malaise. Sur la docouverte de VOldhamia radlata, Forbes, dans les 
terrains anciens du Brabant, 4. — C. Malaise. Sur la constitution du 
massif silurien du Brabant, 184. — E. Dupont. Sur les origines du cal- 
caire carbonifere de la Belgique, 211. 

. . Bulletins, Tables gcnerales du rccucil des. Serie 2. 

Tomes xxi. a 1. (1807 a 1880). 1883. 

. . Memoires. Tome xliii. Partie 2. 1 882. 

P. J. van Beneden. Deux Plesiosaures du lias inf^rieur du Luxem- 
bourg, No. 12. 

. . . Tome xliv. 1 882, 

. . Memoires Couronnes. Tome xliv. 1 882. 

E. Van den Broeck. Mtunoire sur les plnhiomenes d’altt^ration des 
d(?p6t8 superficiels par I’infiltration des eaux ineteoriques studies dans 
leurs rapports avec la g(k)logie stratigrapliique, No. 2. 

. , . Tome xlv. 1883. 

, . Memoires Couronnes et autres Memoires. Tome 

xxxi. (8ro.) 1881. 

. . . Tome xxxiii. 1 882. 

— . . . Tome xxxiv. 1883. 

. . , Tome XXXV. 1883, 

. Musee Roval d'Histoire Naturellc de Belgique. Bulletin. 

Tome ii. (1883). Nos. 2-4. 1883-84. 

L. Dolln. Troisierae note sur les Dinosauriens de Beriiissart, 85. — A. 
Renard. Becberc^hes sur la composition et la structure des pljyllades 
ardennais, 127. — J. Purves. Sur les depots Iluvio-niarins d’age senonien 
ou sables aacbeniena de la province de Liege, 15.3. — L. Dollo. Note sur 
lesrestes de Dinosauriens rencontres dans le cretace sup^rieur de la Bel- 
gique, 205. — L. Dollo. Quatrieme note sur les Dinosauinens de Bemis- 
sart, 223. — L. G. de Kouinck. Notice sur la distribution gMogique des 
fossiles carboniferes de la Belgique, 253. — L. Dollo. Note sur la presence 
du Gastoj'nis Edivardsii, Ixunoine, dans Tassise inf^rieure de l^tage lande- 
nien, a Mesvin, prks Mons, 207. — L. Dollo. Premiere note sur les Croco- 
diliens de Bernissart, 309. — E. Van den Broeck. — Note sur un nouveau 
mode de classification et de notation grapbique des d^pbts g^ologiqnes 
bas4 sur r^tude des pb^nomenes de la sedimentation marine, 341. — L. G. 
de Koninck. Note sur le Sjnrifer mosguenms et sur ses affinites avec 
qnelques autres especes du meme genre, 371. — E. Dupont. Rapport du 
jDirecteur du Musee Royal dTlistoire Naturelle sur retat d’avancement 
de la carte geologique a la fin de Texercice 1883, 403. 
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Brussels. Mus^e Royal d’Histoire Naturelle de Belgique. Bulletin. 
Tome iii. (1884). No. 1. 1884. 

J. Murray et A. Renard. Les caract^res microscopiques des cendres 
volcaniques et des poussieres cosmiques et leur role dans les sediments de 
mer profonde, 1. — ^J. Murray et A. Renard. Notice sur la classification, 
le mode de formation et la distribution geographique des sediments de 
mer profonde, 25. — L. Dollo. Premiere note sur les Ch^loniens de Ber- 
nissart, 63. — L. Dollo. Note sur le Batracien de Bernissart, 85. — C. 
Element. Analyses chimiques d^eaux de puits ai-t^siens, 97. 

. Socicte Royale Malacologique de Belgique. Annales. 

Tome xvii. (1882). 1888 ? 

E. Delvaux. Compte-rendu de I’excursion de la Society Royale Mala- 
cologique de Belgique a Maastricht les 13 et 14 aout 1882, 44. — E. Van 
den Jlroeck. Reponse aux observations de MM. Cogels et Van Ertborn 
faites a Toccasion de Texpos^ sommaire denies recherches dans le Limboiirg, 
presen t(§ a la seance du 3 septembre, 1881, viii, Ixv. — P.^Cogels et 0. van 
Ertborn. Contribution a I’etude des terrains tertiaires en Belgique, xxiv, 
xliii. — P. Cogels et O. van Ertborn. Reponse aux observations de M. E. Van 
den Broeck, liv. — E. Van den Broeck. Note sur les leves g^ologiques de 
MM. van Ertborn et Cogels, Ixxiv. — E. Van den Broeck. Diestien, Casterlien 
et Scaldisien. Note sur les depots lagunaires pliocenes d’Meyst-op-den- 
Berg et de Beersel et sur leur synchronisme dans la region d’Anvers, ciii. 
— E. Van den Broeck. Note sur la position stratigraphique des sables 
grossiers et des sables chocolates Tongriens de la region de Butsel, Mont- 
Saint-Martin, etc., entre Tirlemont et Louvain, cviii. — II. Vandendaele. 
Sur la d^couverte de fossiles Wt^mmeliens dans les gres feiTugineux de 
Saint-Sauveur (Blanchette de Frasnes), cxv. — (r. Velge. Tongi’ien et 
Weniinelien, cxvi, clxxxviii. — E. Delvaux. Note sur quelques niveaux 
fossiliteres appartenant aux systeiues Ypresien et Paniselien, cxxi. — E, 
Delvaux. Contribution a T^tude de la paleontologie des teiTains terti- 
aires, cxlvii. — E. Van den Broeck. Additions a la Eaune Malacologique 
des sables a Isocardia cor du Fort de Zwyndrecht, pres An\ ers, cliii.— E, 
Van den Broeck. Quelques mots en reponse a la note de M. Velge inti- 
tulee : Tongrien et VVemmelien, civ. — A. Rutot. Note sur des observa- 
tions nouvelles faites aux environs de liruxelles, Castre et Renaix, clviii. 
— A. Rutot. Resultats de nouvelles recherches dans I'tlocene superieur 
de la Bidgique, cxlviii. — E. Delvaux. Note sur la decouverte d’osse- 
nieiits appartenant a des especes eteiiites, dans le quaternaire de Mons et 
de Renaix, clxxxv. — E. Van den Broeck. Expose sommaire des recher- 
ches g^ologiques et paleontologiques entreprises dans I’oligocene des envi- 
rons de Louvain et dans les couches pliocenes et quaternaires de la 
Campine Anversoise, cxcviii. — P. Cogeis et 0. van Ertborn. De I’age 
des couches d argile quaternaire de la Campine, ccx. — A. Rutot. Note 
sur le mont de Castre, ccxxii. — G. Vulge. Coupe de la Bruyere de Castre, 
ccxxxv. 

. . Proces Verbal. Tome xi. (1882). Pp. clv-cclxvi, 

1882. 

E. Delvaux. Contribution a I’fStude de la pal^ontok)gie des terrains 
tertiaires, clxi. — E. Van den Broeck. Additions n la faune malacologique 
des sables a Isocardia cor, du Fort de Zwyndrecht, pres Anvers, clxvi. — 
E. Van den Broeck. Quelques mots en r^ponso a la note de M. Velge 
intitul6e: Tongrien et Wemmelien, clxviii. — A. Rutot. Note sur des 
observations nouvelles faites aux environs de Bruxelles, Castre et Renaix, 
clxxi. — E. Van den Broeck. Exposd sommaire des recherches gdolo- 
giques et paleontologiques entreprises dans I’oligocene des environs de 
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liOUTain et dans les couches pliocenes et quatemidres de la Campine 
Anversoise, clxxxv. — A. Rutot. R^sultats de nouvelles recherches dans 
sup^rieur de la Belgique, cxciii. — E. Delvaux. Note sur la 
d^ouverte d’oesements appartenant a des esp^ces ^teintes, dans le quater* 
naire de Mons et de Renaix, ccx. — G. Velge. Tongrien et Wemmelien, 
ccxiii. — ^P. ComIb et O. van Ertborn. De Page des couches d'argile 
quaternaire de la Campine, ccxxxi. — A. Rutot. Note sur le Mont de 
Castre, ccxliL — G. Velge. Coupe de la Bruyere de Castre, cclviii. 

Brussels. Societe Royale Malacologique de Belgique. Proces 
Verbal. Tome xii. (1883). Pp. i-cviii. 1883. 

0. van Ertborn. Observations de MM. O. van Ertborn et P. Cogels 
sur le travail de MM. E. Van den Broeck et A. Rutot, relatif a leurs 
lev^s gt^ologiques, xxxvi. — E. Van den Broeck. R^ponse aux observa- 
tions faites par MM. van Ertborn et Cogels S. ma note sur leurs levt^e 
g^ologiques, Ixx. — 0. van Ertborn et P. Cogels. Encore iin mot de 
r(5ponse anx observations de M. Van den Broeck, Ixxx. — C. Ubaghs. 
Mollusques terrestres et fluviatiles des environs de Maastricht, Ixxxvii. — 
P. Cogels. Excursion do la Soci^j.<5 G^ologique dii Nord a T)unkerque, 
xciv. — A. de Limburg- Stirum. Compte-rendu d’une excursion g6olo- 
gique faite a Gand, xcvii. 

Buckhurst Hill. Essex Eicld Club. Transactions. Vol. iii. Part?. 
1883. 

H. \Voodward. The Ancient Fauna of Essex, 1. — T. V. Holmes. On 
Deneholes, 48. — In Memoriam : Sir Antonio Brndy, .T.P., F.G.S., 04. — 
W. G. Smith. Primspval Man in the Valley of the Lea, 102. — A. P. 
Wire. Note on the Woolwich Beds at Leyton, Essex, iii. — W. G. 
Smith, Chipped Celt found at Enfield, xiv. — Reports on Visits to Dene- 
holes in Hangman’s Wood, xxviii, Ivi. 

Budapest. Rein, ungarische geologisehe Anstalt. jMittheilungen aus 
dem Jahrbuche. Band vi. Hefte 5 & 6. 1883. 

J. Halavats. Palaontologische Daten zur Kenntniss der Fauna der 
siidungarischen Neogen -Ablagerungen, 163. — T. Posewitz. Das Gold- 
vorkomnien in Borneo, 175. 

. . ; . Heft 7. 1883. 

H. Szter^nyi. Ueber die eruptiven Gesteine des Gebietes zwischen 
P. Sopot und Dolnya-Lyubkova im Krasso-Szor^nyer Comitate, 101. 

Foldtani Kbzlony. Kbtet 13. Fiizot 4-10. 1883. 

L. Roth. Foldtani felvetel a Lajta-IIegvsdghm es a 
s^gben, 145. — G. Halavats. Jelent^s az 1882 (5vben Verseczkr»rny6kt?ii 
eszkdzfilt foldtani fdlv^telrbl, 151. — J. Bockh. Az 1882 dvben Krass7)- 
Szordnymegy^ben v^gzett folvdtelekre vonalkozo geologiai jegyzetek, 156, 
— S. Kalecsinszky. A rozsnyoi vasas asvanyviz mennyis(^gi eleraz(5se, 
171. — F. Schafarzik. A fdldreng^si bizottsig eddigi miikod^s^rol, 178. — 
L. Roth. Geologiai jegyzetak a Lajta-Hegys6gbc)l, 18.3. — A. Torok, L. 
Ldezy 6s L. Roth. Az o-ruzsinai “ nasry-barlang ” megvizsgdlasarol, 190. 
— Tarsulati ugyek, 207-217. — L. v. Roth. Geologisehe Aufnahme iin 
Leitha- und im Banater Gebirge, 221. — J. Halavats. Bericht iiber die 
Jalire 1882 in der Umgebung von Versetz durchgefiihrten geologischen 
Aufnalimen, 220. — ^J. Bockh. Geologisehe Notizen von der Aufnahme 
des .Jahres 1882 im Komitate Kras8o-Szor6ny, 232. — F. Schafarzik. 
Ueber die Thiitigkeit der Erdbeben-Commission der ungarischen geolo- 
gischen Gesellschaft wall rend des ersten Jahres ihres Bestandes, 252. — 
A. Kalecsinszki. Die quantitative chemische Analyse des eisenhaltigen 
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Mineralwassew von Bosenau, 266. — L. v. Roth. Geologwhe Notizen aus 
dem Leithagebirge, 267. — Ci. Primics. Ueher die Uebertdchtsaufnahme in 
den Fogarascher Karpathien und dem benachbarten rumanigchen Gebirge, 
266. — J. V. Matyasovsky. Ueber einige Knochenreste aus der Klausen- 
hohle *^Skit la Jalomnitza,” 267 — M. Staub. Ueber tertiare Fossilien 
aus den Scbichten des Felek-Berges bei Klausenburg, 269. — A. J. Krenner. 
Ueber Emplectit, Realgar und Schweitzerit, 269. — L. y. Roth. Ueber 
die hydrographischen Yerhaltnisse von Ottocacz und Esaegg, 269 — A. 
Kalecsinszky. Ueber die Moorgrund bei Als<)-Tatrafured, 270. — L. Loczy. 
Ueber die ostlicben Theile des Himalaya-Gebirges, 270. — M. Staub. 
Ueber PtntM palceostrohusy Ettgsh., 272. — M. Staub. Ausztralia fosszil 
fldraja, 273. — B. Winkler. A Gerecse ^s a V^rtcs hegys^g foldtani 
viszonyai, 287. — J. S. Krenner. A bottinoi Menegliinitrdl, 297. — J. S. 
Krenner. A japani Antimonitrdl, 304. — S. Kaleeainszky. Az also-tatra- 
fiirendi lapfidd chemiai elerazd-e, 309. — B. Winkler. Die geologischen 
Verhiillnisae des Gerecse- und V^rtes-Gebirges, 337. — J. A. Krenner. 
Ueber den Menegliinit von liottino, 346. — .T. A. Krenner. Ueber den 
Antimonit aus Japan, 360. — A. Kalecsinszky. Analyse der Moorerde 
von AlhO-Tatrafiired (Schmecks) im Zipsar Comitat, 367. 

Budapest. Mathematiscbe und naturwissonschaftliche Berichte aus 
Ungarn. Band i. 1882-83. 

A. Koch. Beschreibung der durch L. v. Loczy wahrend der ostasia- 
tischen Expedition des Grafen Bella Sz^chenyi gesaniraelten Gesteine, 
146. — J. A. Krenner. Die gri^nlandischen Minerale der Kryolithgruppe, 
161. — A. Sclierfel. Analyse des Mineral wassers zu Libra, 196. — J. A. 
Kn^nner. Ueber den Manganoealcit, 201 . — ,L A. Krenner. Ueber die 
Kephrite der ostasiatischen Expedition des Grafen B<Sla Sz(?chenyi, 203. 
— A. Scherfel. Chemische Analyse des Mineralwassers von Czemete, 
230. — F. Koch. Chemisidie Zusamniensetziing des bei Moos am 3 Feb- 
ruar 1882 gefallerien Meteorsteines, 34*>. — F. Kocdi. Volkoinmene 
Analyse des doleritischon Phonolithes von Rakovacz, 349. — G. Vutskits. 
Die Niimmnlithe Sieln nbiirgt'ns, 360. — A. Koch. ITntersuchung des 
weissen Tliones von Sziinl ( Ihircellanerde) und dessen Verwendung zu 
Industriezweckcn, 364. — F. Sohafarzik. Boricht iiber die Aiifnahmen 
der k. ung. geologischeii Aiistalt im .Tnhre 1882, 368. — A. Kalecsinszky. 
Quantitative Analyse des eisenhaltigen Mineralwassers von Rosenau im 
Uomitate Gdmor, 370. 

Buenos Aires. Academia Nacional de Ciencias en C«)rdoba (Repub- 
lica Argentina). Boletin. Tomo v. Entrega 3. 1883. 

A. Doering. Sobro la deterrninacion analitica de los vestigios de 
cromo en los minerales, 263. — F. Aineghino. Sobre una nueva coleccion 
de inamiferos fdsiles, recogidos por el profesor Scalabrini en las barrancas 
del Parana, 267. 

. . . Tomo vi. Entrega 1. 1884. 

. Sociedad Cientifica Argentina. Anales. Tomo xv. En- 
trega 4-6. 1883. 

Carbon fdsil de Mendoza, 270. 

Tomo xvi. Entrega 1-0. 1883. 

A. Jezou. Informe sobre la provincia de fean Luis relativo d los 
estudios de Pozos Artesinnos, 139, 192, 223. 

. . . Tomoxvii. E?itrega 1-4. 1884. 

G. A. Lallemant. Apuntes mineros de la republita oriental, 49. 
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BufiPalo Society of Sciences* Bulletin. ToL iv. Ko. 4. 

1883. 

Caen. Soci^telinn^nnede Normandie. Bulletin. 8erie4. Vol. vi. 
(1881-82). 1882. 

Letellier. Note sur le quartzite des environs d’Alen^on, 16. — 1^- 
comu. Note sur la feuille g<Sologique de Coutances, 30. — J. Moriere. 
Le gr^s armoricain dans le Calvados, 40. — A. Bigot. Excursions g^o- 
logiques a travers la Hague, 44. — Douvill^. Note sur la partie moy- 
enne du terrain jurassique dans le bassin de Paris et sur le terrain coral- 
lien en particulier, 76. — J. Moriere. Premiere note sur les crustac^s de 
Poxfordien trouves dans le Calvados, 161. — J. Moriere. Note sur un 
fossile trouv^ a Amblie dans la Grande-Oolithe, 224 . — ? Skrodsky, 
Conmte-rendu des excursions g^ologiques faites par la Soci^td Linndenne 
de Normandie a Osmanville (Calvados) et dans le ddpai*tement de la 
Manche, 260. 

Calcutta. Asiatic Society of Bengal. Journal, N. S. Yol. lii. 
Part 1. Nos. 2-5. 1883. 

. . . Part 2. No. 1. 1883. 

. . . , Vol. liii. Part 1. No. 1. 1884. 

, . Proceedings, 1883. Nos. 2-10. 1883-84. 

J, T, Walker, On tbe Earthquake of the Slst December, 1881, 60. 

. • , 1884. Nos. Idb2. 1884. 

Cambridge Philosophical Society. Proceedings. Yol. iv. Part 6, 
1883. 

W. J. Lewis. On the Cr^^stallogi'aphy of Miargyrite, 306. — E. Hill. 
On Ansted 6 Assei'tion that the Oldest Rocks of Guernsey are to be found 
in the Northern Part of the Island, 364. — R. H. Solly. Crystallographic 
Notes, 407. 

. Transactions. Yol. xiii. Part 3. 1883. 

Cambridge, Mass. Museum of Comparative 7jOo\o^y at Harvard 
College. Bulletin. Whole Seiies, Vol. vii. (Geological Series, 
Yol. i.). Nos. 9 & 10. 1883. 

W. M. Davis. On the Relations of the Triassic Traps and Sandstones 
of the Eastern United States, 240. — W. M. Davis. The folded llelder- 
herg Limestones east of the Catskills, 311. 

. . Vol.x. Nos. 5 & 6. 1883. 

. . . Vol. xi. Nos. 1-9. 1883. 

, , Memoirs. Vol. viii. No. 2. 1883. 

. . . Yol. ix. No. 2. 1883. 

. . . Yol. X, No. 1. 1883. 

* Science. Yol. i. No. 21. 1883. 

M. E, Wadsworth. The Microscopic Evidence of a Lost Continent, 
690. ' 
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Cambridge, Mass. Science. Vol. ii. Nos. 22, 24-47. 1883. 

J. M. Coulter. Some Glacial Action in Indiana, 6. — J. S. Diller. Notes 
on the Geology of the Troad, 265. — J. D. Dana. Evidence from Southern 
New England against the Iceberg Theory of the Drift, 390. — L. Baldacci. 
The Earthquake of July 28, 1883, in the Island of Ischia, 396. — L. Bal- 
dacci. The Java Upheaval, 409. — W. Pengelly. The Devonshire Caverns 
and their Contents, 662.-^8wald Ileer, 583. — Joachim Barrande, 669, 
727. — G. K. Gilbert. Drainage System and Loess Distribution of Eastern 
Iowa, 762. 

. . Yol. iii. Nos. 48-72. 1884. 

A. Winslow. Peculiarities of Weathering in the Pottsville Conglo- 
merate, 12. — W. H. Dali. A new Volcano Island in Alaska, 89. — A. 
Hyatt. The Evolution of the Cephalopoda, 122, 145. — G. Davidson. 
Volcanic Eruption of Mount St. Augustin, Oct. 6, 1883, 186.— G. David- 
son. The new BogoslofF Volcano in Bering Sea, 282. — The American 
Awards of the Geological Society of London, 384. — J. W. Powell. On 
the State of the Interior of the Earth, 481. — J. W. Powell. The Funda- 
mental Theory of Dynamic Geology, 611. — G. M. Dawson. liecent 
Geological Observations ,in the Canadian N.W. Territory, 647. — G. F. 
Kuuz. Five Brazilian Diamonds, 649. — R. Bell. Geology and Minera- 
logy of Northern Canada, 755. 

Cape Town (Cambridge). South- African Philosophical Society. 

Transactions. Vol. ii. Part 3. 1882. 

Carlisle. Cumberland Association for the Advancement of Lite- 
rature and Science. Transactions. No. 8 (1882-83). 1883. 

J. Postlethwaite. Graptolites of the Skiddaw Slates, 37. — T. V. 
Holmes. Water-supply in the Carlisle Basin, 17. — J. G. Goodchild. 
“ Professor Robert llarkness, F.R.S.,” 145. — J. G. Goodchild. Contri- 
butions towards a List 'f the Minerals occurring in Cumberland and 
Westmoreland, 1 89. 

Cassel. PaloDontographica. Band xxix. Lief. 5 & 6. 1883. jPwr- 
cJiased. 

M. Klivor. Ueber einige neue Blattarien-, zwei Dictyoneura- und zwei 
Arthropleura-Arten aus der Saarbriicker Steinkohlen-Formation, 249. — E. 
von Duiiikowski. Die I’haretronen aus den Cenoman von Essen und die 
systematische Stellung der Pharetronen, 281 .G. v. Koch. Die un- 
geschlechtiiche Vermehrung (Theilung und Knospung) einiger palaeo- 
zoischen Korallen vergleicheiid betrachtet, 325. 

. . Band xxx. Theil 1. 1883. Purchased, 

K. A. Zittel. Beitriige zur Geologic und Palaontologie der libyschen 

Wiiste und der angreuzenden Gebiete von Aegypten, mit palaontolo- 
gischenBeitriigenvon A. Schenk, T. Fuchs, K. Mayer-Eymar, C. Sch wager 
P. de la Harpe und E. Pratz, 1. ^ 

. . . Theil 2. Lief. 1. 1883. Purchased. 

P. de Loriol. Eocane Echinoideen aus Aegypten und der libyschen 
Wiiste, 5. 

Supplement 2. Abth. 4. (Text, 8vo ; Atlas, fol.) 

1883. Purchased, 

G. Bohm. Die Bivalven der Stramberger Schichten, 493. 
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Chemical News. Vol. xlvii, Kos. 1230 & 1231. 1883. 


. Vol. xlviii. Nos. 1232-1257. 1883. 

G. J. Brush and 8. L. Penfield. On Scovillite, a new Phosphate of 
Didymium, Yttrium, and other rare Earths from Salisbury, Conn., 15. — 
W. C. Eustis. Analysis of Gibbsite from Marianna, Province of Minas 
Geraes, Brazil, 98. — C. M. Bradbui*y. Analysis of Topaz from a new 
locality in Maine, U.S., 109. — W. 0. Eustis. On a Variety of Chrysocolla 
from Arizona, 109. — M. Page. Determination of the Alkaline Metals in 
a Lepidote from India, 109. 

. Vol. xlix. Nos. 1258-1282. 1883. 

J. T. Donald. Samarskite from Bertheir County, Que., 269. 

Chemical Society. Journal. Nos. 248-253. 1883. 

. . Supplementary number, 1883. 

. . Nos. 254-259. 1884. 

W. N. Hartley. On Scovillite, 167. — W. T. Wright and T. Burton. 
Analysis of Woodall Spa, 168. 

Chester Society of Natural Science. Twelfth Annual Deport, for the 
year 1882-83. 1883. 

Christiania. Kongelige Norske Frederiks Universitets Aarsberetuing 
for Aaret 1882. 1883. 

. NytMagazin for Naturvidenskabeme. Bind xxiv. Heft 4. 

1879. 

T. C. Thomassen. Geologiske Undersogelser paa Folgefons Halve, 
273. — A. Des Cloizeaux. Om niikrolin, nyt species, triklinisk kali-feldspat, 
dens optiske, krystallografiske og keiniske kjendetegn, 296. — S. Wleiigel. 
Om forekomsten af indium i norske mineraler, 333. — H. II. Ileusch. 
Jettegryder, dannede af Elve, 336. 

. , Bind XXV. Heft. 1-4. 1879-80, 

P. E. Corneliussen. Dislokalionslineii ve-d Skiim, 1. — L. Meinich, 
Dagbog fra en reise i Trvsil 1878, 12. — A. Penck. Ueber einige Kon- 
taktgesteine des Kristiania-Silurbeckons, 62. — W. C. Brdgger og II. H. 
Ileusch. Norske apatitforekomster, 255. 

. . Bind xxvi. Heft. 1-4. 1880-81. 

L. Meinich. Dagbog fra en reise i Trvsil sonimersen 1879, samt Om 
Kvitvola-etagens forliold till Trvsil-fjeldets kvartsit og sandstone, 12. — 
Muller. Nogle Nikkelforekomster paa llingeriget, ^14. — J. II. L. Vogt. 
Vismuthglansforekomst paa eydostspidsen af nordre Sandii (llvaloerne), 
67. — TI. H. Ileusch. Torgliatten og Kinnekloven, 69. — II. H. Ileusch. 
Konglomerate-Sandstonefelterne i NordQord, Sondfjord og Sogn, 93. — 
H. Knutsen. Damourit fra Fen, 193. 

. . Bind xxvii. Heft. 1-4. 1882-83. 

O. N. Hagen, lleiser for den geologiske Undersogelso Sommeren 1880, 
65. — J. H. L. Vogt. Olivinstenen i indre sondre Sondmeire, 125. — 0. E. 
Schiotz. Sparagmit-Kvarts Fjeldet i den ostlige del af Ilaniar Stift, 154. 
— 0. E. Schiotz. Om nogle undersiluriske levninger i den sydlige del af 
Sparagmit-Kvarts-Fjeldet, 261. — T. Kjerulf. Om gang-gjennemskj as ringer 
ved Eaersund, 300.— H. liosenbusch. Die Gesieinsarten vou Ekersund, 
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803. — T. Miinster. Bemcerkninget om Kongsbergermineraleme, 309. — 
0. Olsen. Om Storvorts grube, 323. — T. Kjerulf. Pragtstufer med 
breekciestruktur fra Muggruben og Storvarts, S§6, — 0. Herrmann. Vor- 
Iftufige Mittheilung iiber eine neue Graptolithenart imd mehrere bisher 
noch nicht aus Norwegen gekannte Graptolithen, 341. 

Christiania. Videnskabs-selskabot. Forhandlinger. Aar 1878. 
1879. 

H. H. lleusch. Jagttagelser over isskuret Ijeld og forvitret Fjeld^ 
No. 7. 

. . . Aar 1879. 1880. 

. . . Aar 1880. 1881. 

. ^ . . Aar 1881. 1882. 

T. Kjerulf. Fortsatte bemaerkninger om reliefForholde, No. 1. — J. H. L. 
Vogt. Nogle bemaerkninger om graiiit, No. 9. 

. . . Aar 1882. 1883. 

Colliery Guardian. Vol. xlv. Nos. 1173 & 1174. 1883. 

The Geology of Lower Burma, 975. — H. Bramall. The Mineral Re- 
sources of New Zealand, 1015. 

. Vol. xlvi. Nos. 1175-1200. 1883. 

Some Coallields of the United States, 171. — F. N. Newcome. The 
Iron-helds of Sweden, 371. — Coal at the Cape, 411. — The earliest Dis- 
coveries of Coal in New South Wales, 699. — A Visit to a Coalfield in 
Burma, 985. 

Vol. xlvii. Nos. 1201-1225. 1884. 

Coal in Borneo, 131. 

Copenhagen. Kongeligc Danske Videnskabernes Selskab. Natur- 
videnskabelige og Mathematiske Afhandlinger. Ra^kke 6. 
Bind i. Nos. 4 & 5. 1883. 

. . Ovcrsigt, 1883. No. 2. 1883. 

Cracow. Akademija Umiejotnosci. Sprawozdanie. Komisyi Fiz- 
zjograficznej. Tom. xvii. 1883. 

Darmstadt. Vcrein fur Erdkunde. Notizblatt. Folge iv. Hefte 
3&4. 1882-83. 

W. Ilarres. Die Mineral vorkommen im kornigen Kalk von Auerbach 
a. d. Bergstrasse, 6. — W. Harres. Minemlien aus den Quarzgangen des 
Borstein und Ilohenstein b. Reichenbach, 9. 

Davenport, Iowa. Davenport Academy of Natural Sciences. Pro- 
ceedings. Vol. hi. Part 3 (1879-81). 1883. 

Dorpat. Naturforschor-Gesellschaft. Archiv fiir die Naturkunde 
Liv-, Ehst- und Kurlauds. Serie 2. Biologische Naturkunde. 
Band ix. Lief. 5. 1884. 

. . Sitzungsberichte. Band vi. Heft 3. 1 884. 

C. Grewingk. IJeber die Verbreituug baltischer altqu irtarer Geschiebe 
und klastischer Gebilde, 515. 
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Dresden. Academia Cmsareo-Leopoldina Natures Curiosorum. Nova 
Acta physico-medica. Tomus xix. Pars 1. 1839. 

. . . Pars 2. 1842. 

. . . . Supplement 1. 1843. 

, . . . Supplement 2. 1841. 

. . . Tomus XX. Pars 1. 1843. 

. . . , Pars 2. 1844. 

. . , Tomus xxi. Pars 1. 1845. 

. . . . Pars 2. 1845. 

. . . . Supplement. 1845? 

. . Tomus xxii. Pars 1. 1847. 

, . . Tomus xliv. 1883. 

. Naturwissenschaftliche Gcscllschaft Isis. Sitzungfsbcrichte 

und Abhandlungen. Jahrgang 1883, Jan.-Dee. 1883-84. 

SitzunyshericMe, 

H. B. Geinitz. Joachim Barrande, 63. — A. Purgold. Mineralogische 
Notizen, 73. 

Ahhandhmgen. 

H. B. Geinitz, Die sogenannten Koprolithenlager von Helmstedt, 
Biiddenstedt und Schleweke bei Harzburg, Abh. 3. — H. B. Geinitz. Die 
diluvialen Gleischer dea ncirdlichen Europas mit besonderer Beziehung 
auf Sachsen, 15. — H. Engelhardt. Ueber die Flora der iiber den Braun- 
kohlen befindlichen Tertiarschichten der Umgegend von Dux, 47. — 
T. Schrader. Die Diamantfelder am Cap der Guten Hoifnung, 05. 
A. B. Meyer. Ein neuer Fundort von Nephrit in Asien, 75. — A, B. 
Meyer. Der Sannthaler Kohnephritfund, 77. — H. Engelhardt. Ueber 
bosnische Tertiiirpflanzen, 85. — E. Danzig. Ueber einige geognostische 
Beobachtungen im Zittauer Gebirge, 86. — II, B. Geinitz. Ueber einige 
Kiesablagerungen und die diluvialen Saugethiere des Konigreichs Sacn- 
sen, 93. — ^II. B. Geinitz. Nachtriige zu den Funden in den Phosphat- 
lagem von Helmstedt und Biiddenstedt, 105. 

Dublin. Eoyal Geological Society of Ireland. Journal. Yol. xvi. 
Part 2 (1881-82). 1882. 

E. Hull. On the Laurentian Beds of Donegal and of other parts of Ire- 
land, 115. — S. Haughton. Presidential Address, 117. — G. A. Kinahan. 
On the Mode of Occurrence and Winning of Gold in Ireland, 135. — Y. Ball. 
Catalogue of the Examples of Meteoric Falls in the Museums of Dublin, 
158. — G. II. Kinahan. Palroozoic Rocks of Galway and elsewhere in 
Ireland, said to be Laurentians, 162. — E. T. Hardman. On the Meta- 
morphic Rocks of Cos. Sligo and I^eitrim, and the enclosed Minerals, with 
Analysis of Serpentine &c. ; with Microscopical Notes on the Serpentine 
by E. Hull, 172.— G. H. Kinahan. Glacial Moraines of Mount Leinster, 
Counties Wexford and Carlow, 186.— G. A. Kinahan. Some Notes on 
the Geology of Bray Head, with a Geological Map and Sections, 188. 
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1. Pemodicals and Publications of Leaened Societies. 

Presented hj the respective Societies and Editors, if not otherwise 

stated. 

Academy. ]Nos. 581-608. 1883. 

. Nos. 609-633. 1884. 

Adelaide, Eoyal Society of South Australia. Transactions, Pro- 
ceedings, and Eejiort for 1882-83. Vol. vi. 1883. 

T. C. Cloud. A Catalogue of South Australian Minerals, 72. — E. Tate. 
The Botany of Kangaroo Island, ^vith Notes on its Geology, 116, 

.Albany. New York State Library. Catalogue, 1882. First Sup- 
plement to the Subject-Index of the General Library for ten 
years, 1872-82, 1882. 

62nd Annual Eeport of the Trustees, for the year 
1880. 1880. 

. . 63rd 1881. 1881. 

. . 64th 1882. 1882. 

Analyst. Yol. viii. Nos. 88-93. 1883. 

. Yol. ix. Nos. 94-99. 1884. 

Annals and Magazine of Natural History. Ser. 5. Yol. xii. Nos. 
67-72. 1883. Purchased, 

E. D. Cope. On the Mutual Eolations of the Bunotherian Mammalia, 
20. — H. J. Carter. On the Microscopic Structure of thin Slices of Fossil 
Calcispongise, 26.— G. C. Wallich. Note on the Detection of Polycystina 
within the hermetically closed Cavities of certain Nodular Flints, 52. — 
S. Y. Wood. The “Cr^ Mollusca” 66, 208. — J. Gwyn Jeffreys. The 
Crag Mollusca,*’ 143. — J, S. Newberry. Notes on some Fossil Plants 
from Northern China, 172. — T. Eupert Jones. Notes on the Palseozoic 

TOL. XL. 


% 
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Bivalved Entomostraca, No. xvi., 243. — W, 0. Crosby. Elevated Coral 
Reefs of Cuba, 283. — H. A. Nicholson. Contributions to Micro-Palffion- 
tolo^: On Stenopora llowsit, Nich., with Notes on Monttculipora? 
tumiday Phill., and Remarks on Tabvlipora Urii, Younf^, 286. — H. J. 
Carter. Spicules of ISpongilla in the Diluvium of the Altmiihl Valley, 
Bavaria, 329. — 0. lleer. On the Fossil Flora of Greenland, 426. 

Annals and Magazine of N(itural History. Ser. 5. Vol. xiii. Nos. 
73-78. 1884. Purchased, 

H. A. Nicholson. Note on the Structure of the Skeleton in the Genera 
CoraUiurrij Tuhipora^ and Syriyigopoi'a, 29. — C. D. Walcott. Injury sus- 
tained bv the E3^e of a Trilobite at the time of the Moulting of the Shell, 
69. — R. kidston. On a Specimen of Pecoiyteris {? polymorpha, Rrongn.) 
in Circinate Vernation, with Remarks on the Genera Spiroptcrh and 
Mhizomopteris of Schimper, 72. — R. Kidston. On a new Species of 
^chutzia from the Calciferoiis Sandstones of Scotland, 77. — G. Lindstrom. 
A Reply to the Remarks of IVof. Duncan on a Paper entitled “ Contri- 
butions to the Actinology of the Atlantic Ocean,” 102. — H. AUeyne 
Nicholson. Contributions to Micro-Palaeontolog}^ : Notes on some Species 
of Monticuliporoid Corals from the Upper Silurian Rocks of Britain, 117. — 
T. Hincks. Note on Professor G. Seguonza^s List of Tertiary Polyzoa from 
Reggio (Calabria), 265. — A. II. Foord. On thrt^e new Species of Mon- 
ticuliporoid Corals, 338. — li. J, Cartel. Note on the assumed Relation- 
ship of Parkeria to Stromatopora, and on a Microscopic Section of Stro- 
matopora mamillata^ Ft. Schmidt, 363. — L. F. Ward. On Mesozoic 
Dicotyledons, 383.— P. M. Duncan. On lV)f. Lindstrom^s Remarks on 
Prof. P. Martin Duncan’s Criticisms, 416. — F. W. Hutton. On the Origin 
of the Fauna and Flora of New Zealand, 426. — J. W. Davis. Descrip- 
tion of a new Genus of Fossil Fishes from the Lias, 448. — P. M. Duncan. 
On the Relation of the Pali of Corals to the Tentacles, 466. — R. Ethe- 
ridge, jun., and A. H. Foord. Descriptions of PMaeozoic Corals in the 
Couections of the British Museum, 472. 

Army Medical Department. Report for the year 1881. Vol. xxiii, 
1883. 

Athenaeum (Journal). Nos. 2904-2931. 1883. 

. Nos. 2932-2956. 1884. 

. Parts 665-671. 1883. 

. Parts 672-677. 1884. 

Barnsley. Midland Institute of Mining, Civil, and Mechanical 
Engineers. Transactions. Vol. viii. Parts 66-68. 1883. 

. . . Vol. ix. Parts 69-71. 1883-84. 

Basel. Naturforschende Gesellschaft. Verhandlungen. Theil vii. 
Heft 2. 1884. 

L. Riitimeyer. Studien zu der Geschichte der Hirschfamilie, 399. 

. Schweizerische palaontologische Gesellschaft. Abhandlungen. 

Vol. X. (1883). 1883. Purchased, 

L. Riitimeyer. Beitrage zu einer natiirlichen Geschichte der Ilirsche, 
Theil, No. 1. — P. de Loriol et H. Schart. Etude pal^ontologique et 
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stratigrapliique des couches a Mytilus des Alpes vaudoises, No. 2. — 
Kohy. Monographie des polypiers jurassiques de la Suiss^ 3® partie, 
No. 3. — P. de la Harpe. Etude sur les Nununulites de la Suisse, iiii, 
No. 4. 

Bath. Natural-History and Antiquarian Field Club. Proceedings. 
Yol. V. No. 3. 1884. 

Wright. The Cause of Earthquakes, 212. — H. H. Winwood. On a 
Bhaetic Section near Kelston, 220. 

!Belfast. Natural-History and Philosophical Society. Bcport and 
Proceedings for the Session 1882-83. 

J. J. Murphy. On Deltas, 19. 

. Naturalists’ Field Club. Proceedings. Annual Beport, 

1882-83. Ser. 2. Vol. ii. Part 3. 1884. 

Berlin. Deutsche geologische GeseUschaft. Zeitschrift. Bandxxxv. 
Hefte 2-3. 1883. 

S. A. Tullberg. Ueber die Schichtenfolge des Silurs in Schonen, 
nebst einem Vergleiche mit anderen gleichalterigen Bildungen, 223. — 
J. G. Bornemann. Palaontologisches aus dem cambrischen Gebiete von 
Canalprande in Sardiniem, 270. — H. Crediier. Die Stegocephalen aus 
dem Bothliegendeu des Plaueirschen Griindes bei Dresden, 2/5. — E. F. 
Geinitz. Ueoer die gegenwarlige Senkung der meckltmburgischen Ost- 
seekiiste, 301. — E. Kayser. Beschrtdbung einig(‘r ncuen Goniatiten und 
Brachiopoden aus dem rheinischen Devon, 300. — F. Notling. Ueber 
diatomeenfiihrende Schichten des westpreiissischen Diluviums, 318. — 
F. Notling. Beitrag zur systematischen Stellimg des Genus Poramho- 
nites, Pander, 356. — E. Zimmermann. Ueber einen neuen Ceratiten aus 
dem Grenzdolomit Thiiniigens und iiber Glacialerscheinungen bei Klein- 
Porthen zwischen Gera und Zeitz, 382. — V. Gillieron. Ervriderung, 387. 
— Tecklenburg. Geognostische Beschreibiing des Kriihber^unnels, 401. 
— F. Bdraer. Ueber eine Art der Lirauliden-Gattung JBelimirus aus 
dem Steinkohlengebirge Oberschlesiens, 429. — G. Schulze. Die Serpen- 
tine von Erbendorf in d(^r baverischen Ober-lTalz, 433. — F. Kollbeck. 
Ueber Porphyrgesteine des siiddstlichen China, 461. — K. Bleibtreu. 
Beitriige zur Kenntniss der Einschliisse in den Basalten, mit besonderer 
Borucksichtigung der Olivinfels-Einschliisse, 489. — J. Lemberg. Zur 
Kenntniss der l^ildung und Uinwandlung von Silicaten, 657. — E. Laufer. 
Ueber Aufschliisse im Diluvium von Schonen und der Insel liven, 619. — 
A. von Kdnen. Nordisclie Glacial-Bildungen bei Seesen und Gaiiders- 
heim, 022. — E. Laufer. Ueber die weitere Yerbreitung von Biesenkessehi 
in der Liineburger Ilaide, 023. 

. GeseUschaft naturforschender Freunde. Sitzungsberichte, 

Jahrpng 1883. 1883. 

A. N ehring. U ebor eine fossile S^ulmeus-kri ( Siphneus m'vicolirms^ n. sp.) 
aus lacustrinen Ablagerungen am oberen Hoangho, 19. — W. Dames. 
Ueber hornlose Antilopen von Pikermi in Attica, 25.— A. Nehring. Ueber 
neue bei Westeregeln gemachte Fossilfunde, sowie iiber die Yorgeschichte 
des Pferdes in Europa, 50. — A. Nehring. Ueber das fossile Yorkommen 
von Cervus dama, Oypi'inti^ carmo und Dretssenw. polymotpha in Nord- 
deutschland, 68. — W. Dames. Ueber eine neue Antilope aus dem Plic- 
can von Pikermi in Attica, 96. — ^M. Websky. Ueber zwei interesstinte 
Exemplare aus don letzten Erwerbungen des mineralogischen Museums, 99. 
— W. Dames. Ueber das Yorkommen von Ursus im Diluvial 8 and 3 von 

i2 
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Eixdorf bei Berlin, 105. — ^M. Websky. tJeber die sogenannten Luf trohren 
in den in der Gegend des Gottbard vorkommenden Bergkrystallen, 127. 
— W. Dames. Ueber das Vorkommen von HycBnarctos in den Pliocan- 
Abl^erun^n von Pikermi bei Atben, 132. — Hilgendorf. Ueber eine 
fossile Eidechse {Propseudopus Fraasiiy sp. n.) von Steinheim in Wiirt- 
temberg, 139. — ^K. A, Lossen. Ueber Porphyroide unter besonderer 
Beriicksicbtigung der sogenannten Flaserporphyie in Westfalen und 
Nassau, 154. 

Berlin. Koniglicbe prenssiscbe Akademie der Wissenschaften. Sit- 
znngsbericbte, 1883. Nos. 22-37. 1883. 

M. Websky. UeW Jeremejewit und Eichwaldit vom Berge Sokteij 
in Daurien, 671. 

1884. Nos. 1-16. 1884. 

— . Palaeontologiscbe Abhandlungen. Bandi. I[efte2-4. 1883. 
Purchased, 

W. Branco. Ueber eine fossile Silugethier-Faunn von Piinin bei Eio- 
bamba in Ecuador, mit einer geologischen Einleitung von W. Keiss. — 
O. Weinsheimer. Ueber Dinotherium gufanteum^ Kaup. — J. Schmal- 
hausen. Boitriige zur Tertiar-Flora Siid-West-Busslands, 1. 

• . Band ii. Heft 1. 1884. Piirchased, 

0. Weerth. Die Fauna des Neocoinsandsteins ini Teiitoburger 
"Walde, 3. 

. Zeitschrift fiir Naturwissenschaften. Band Iv. 1882. 

C. Frenzel. Ueber die Abbangigkeit der niineralogischen Zusainmen- 
setzung und Structur der Massengesteine vom geologischen Alter, 1.— 
E. Dunker. Weiteres iiber den Einfluss der Dotation der Erde auf den 
Lauf der Flusse, 67.— E. Dunlicr. Ueber Formeln zur Bestimniim^r der 
Einwirkung der Rotation der Erde auf die FliLsse, .331.— F. Beysehlao-. 
Phacopteris sarana, n. sp., 410.— F. Beyschlng. Geognostisclie Skizze 
der Umgegend von Crock ini Tbiiringer Walde, 571. 

Bern. Schwcizer Alpenclub. Jahrbuch. Jabrgangl7 (1881-82). 
1882 & Beilage (Maps &c.). Purchased, 

F. A. F Orel. La grande p^riode de retraite des glaciers des Aloes de 
1850 a 1880, 321. ^ 

• • • Jahrgang 18 (1882-83). 1883 & Beilage 

(Maps &c.). Purchased. 

F. A. Forel. Les variations periodiques des glaciers des Alpes 251 

A. Heim. Der alte Bergsturz von Flims, 295.— F. Becker. Der Bei-ff- 
sturz der Diablerets, 310. ® 

• • • Jahrgang 19 (1883-84). 1884 & Beilagen 

(Maps &c.). Purchased. 

0. lleer. Uebersicht der nivalen Flora der Schweiz, 257. 

Birmingham. Mason Science College. Calendar for the Session 
1883-84. 1883. 

Birmingham Philosophical Society. Proceedings. Yol, iii. Parts 
1 & 2. 1883—84. 

W, J. Harrison. On the Quartzite Pebbles contained in the Drift, 
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and in the Triassic Strata of England, and on their Derivation from an 
Ancient Land Barrier in Central England, 157. — F. T, S. Houghton* 
Note on the Age of the Quartzite of the Lickey, 206. — H. W. Crosskey. 
On a Section of Glacial Drift recently exposed in Icknield Street, Bir- 
mingham, 209. — C. Lapworth. History of the Discovery of Cambrian 
Bocks in the Neighbourhood of Birmingham, 2d4. — H. W. Crosskey* 
Grooved Blocks and Boulder Clays of liowley Hill, 459. 

Bombay. Bombay Branch of the Boyal Asiatic Society. Journal* 
Yol. xvi. No. 41. 1883. 

Bordeaux. Societe Linneenne. Actes. Yol. xxxvi. (Serie 4, 
Tome vi.) 1882. 

E. Benoist. Les puits artesiens des docks a Bordeaux, ix. — E. Benoist. 
Note sur les sables coquilliers de Terre-Negre, xxv. — Degrauge-Touzin. 
Note geologique au sujet de rexcursion trimestrielle a Saint e-Croix-dii 
Mont, XXX, — Degrange-Tuuzin. Le retrait glaciaire dans les Pyrenees, 
lix. 

Boston. American Academy of Arts and Sciences. Proceedings* 
N.S. Yol. X. 1883. 

Boston Society of Natural History. Memoirs. Yol. iii. Nos. 6 & 7. 

1883. 

S. H. Scudder. The Carboniferous Hexapod Insects of Great Britain, 
213. 

. . . No. 9. 1884. 

S. 11. Scudder. Two new diverse Types of Carboniferous Myriapods, 
285. — S. II. Scudder. The Species of MylacriSf a Carboniferous Genus 
of Cockroaches, 299. 

. Proceedings. Yrd xxi. Part 4. 1882. 

II. W. Haynes. Indications of an Eai*ly llace of Men in New England, 
382. — S. H. Scudder. A uew^ and unusually perfect Carboniferous Cock- 
roacli from Mazon Creek, 111., 391. — S. 11. Scudder. Notes on Tertiary 
Neuroptera from Florrisant and Green Kiver, 407. — N. F. Merrill. Con- 
cerning the Lithological Collection of the Fortieth Parallel Survey, 452. 

Yol. xxii. Part 1. 1883. 

W. M. Davis. Glacial Erosion, 19. — S. H. Scudder. Older Fossil 
Insects west of the Mississippi, 58. — W. O. Crosby. Classification and 
Origin of Joint-structures, 72. — C. C. Abbott. A recent Find in the 
Trenton Gravels, IK). — E. Zirkel. Some liemarks upon the Petrographical 
Collection of the Geological Exploration of tlie Fortieth Parallel, 109. — 
W. M. Davis. The Structural Value of the Trap Kidges of the Connec- 
ticut Valley, 110. — W. O. Crosby. On the l^evated Coral Reefs of 
Cuba, 124. 

Brighton. Brighton Health Congress. Transactions, 1881. 1883 (?). 
Presented by J. E. MaynJl^ Esq, 

E. Mackey. Geology and Climate of Brighton, 57, 

British Association for the Advancement of Science. Report of the 
Fifty-third Meeting, held at Southport in September 1883. 

1884. 

J. D. Evemtt. Sixteenth Report of the Committee appointed for the 
purpose of investigating the Rate of Increase of Underground Tempera-i 
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ture downwards in various Localities of Dry Land and under Water, 45. — 
J. W. Davis. Report of the Committee appointed to assist in the Ex- 
ploration of Raygill Fissure, Yorkshire, 133.— H. W. Orosskev. Eleventh 
Report of the Committee for the purpose of recording the Position, Height 
above the Sea, Lithological Characters, Size, and Origin of the Erratic Blocks 
of England, Wales, and Ireland, reporting other matters of interest con- 
nected with the same, and taking measures for their Preservation, 130. — 
C. E. De Ranee. Ninth Report of the Committee appointed for the 
purpose of investigating the Circulation of Underground Waters in the 
Permeable Formations, 147. — W. Cash. Report of the Committee ap- 
pointed for the purpose of investigating the Fossil Plants of Halifax, 1(K). 
— G. R. Vine. Fourth Report of the Committee appointed for the pur- 
pose of reporting on Fossil Polyzoa, 161. — W. H. Baily. Fourth Report 
of the Committee appointed for the purpose of investigating the Tertiary 
Flora of the North oi Ireland, 209. — J. Milne. Report of the Committee 
appointed for the purpose of investigating the Eartnquake Phenomena of 
Japan, 211. — T. R. Jones. Report of the Committee on the Fossil Phyl- 
lopoda of the Palaeozoic Rocks, 215. — A. Schuster. On some Measure- 
ments of Glacier-Motion in 1883, 434. — W. C. Williamson. Presidential 
‘Address to Section C, Geology, 475. — C. E. De Ranee. Notes on Geo- 
logical Sections within Forty-miles Radius of Southport, 489. — G. H. 
^Morton. Section across the Trias recently exposed by a Railway Excava- 
tion in Liverpool, 489. — W. Boyd Dawkins. The Master-Divisions of 
tlio Tertiary Period, 490. — J . W. Davis. On the Occurrence of Remains 
of Labyiinthodonts in the Yoredale Rocks of Wenslevdale, 492. — J. W. 
Davis. On some Fossil Fish-Remains found in the tpper Beds of the 
Yoredale Series at Leyburn in Yorkshire, 402.— W. C. Williamson. On 
some supposed Fossil Algne from Carboniferous Rocks, 493,— J. W. 
Dawson. On the Geological Relations and Mode of Pro.servation of 


Eozoon canadensey 494. — E. Hull. On the Geological Age of the North 
Atlantic Ocean, 494. — B. Latham. On the Influence of Barometric 
Pressure on the Discharge of Water from Springs, 495. — W. II. Bailv. 
Some additional Notes on An f hr acosmirus Edf/eiy Baily, sp.,a large Sauro- 
Batrachian from the LoAver Coal Measures, J arrow' Colliery, near Castle- 
comer, County Kilkenny, 496.— M. Stirnip. Recvmt Opinions on the 
Loess Deposits of the Valley of the Rhine, 497.— .1. Thomson. On a 
Coral Atell on the Shore-line at Arbigland, near Dumfries, Scotland, 
498. H. J . Johnston-Lavis. Preliminary N otice of the Earthquake of 1881 
in the Island of Ischia, 4t)9. — TI. ,1, Johnston-Lavis. l*rt'liniinarv Notice 
of the Earthquake of July 1883 in the Island of Iscliia, 56].— A. Irving. 
Dyas verms Permian , 503.— A . Irving. On the Coloration of some Sands, 
and the Cementation of Siliceous Sandstones, 564.-11. G. Fordham. ( )n 
a Boulder from the Chloritic Marl of Ashwoll, Herts, 505.— T. f J. JU)nn(‘y. 
On a supposed case of Metamorphism in an Alpine Rock of (hirboniferous 
Age, 507. T. G. Bonney. Note on the Nagel-flue of the Rigi and Ross- 
WTg, 507. J.F. Blake. On the Pre-Cambrian Igm^tons R-echs of St. 
rv? u Geology of th(* Tnntd, 56s. — J. (iumi. 

Cm the Causes of Change of C^Iimature dnring* long Iteriods of Time, and 
ot Coincident Changes of Fauna and Flora, 509.— Ci. V. Smith. l»re- 
hminaiy Note on the further Discovery of Vertebrale Footprints in the 
Pennth Sandstone, 510. — C. S. Bate. Archceastacus Widemfrsiij a new 
Genus of Eryonidie, 511.— W. Pengelly. Address to the Ikmartraent of 
Anthropolo^, 549.— W. J. Knowdes. On the Antiquity of Man in 
Ireland, 5(^. Gn a Human Skull found near Southport, 

662^ W. Pengelly. On a Flint Implement found on Torre- Abbey Sands, 
lorbay , 564. H. II. Godwin-Austen. Presidential Address to Section E, 
Geography, 576.— C. E. Peek. On the Hot Springs of Iceland and New 
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Zealand, with Notes on Maori Customs, 690. — W. Hancock. On the 
Volcanic and Earthquake Regions of Central America, with Observations 
on Recent Phenomena, 694. — C. Trotter. On New Guinea ; a Sketch of 
the Physical Geography, Natural Resources, and Character of the In- 
habitants, 696. — W. Hancock. On North Formosa, 697. — E. C. Baber. 
Curiosities of Travel on the Tibetan Frontier, 699, 

Brussels. Academie Royale des Sciences &c. de Belgique, Annuaire, 
1882. 1882. 

. . , 1883. 1883. 

. . Bulletins. Serie 3. Tome i. (1881). 1881. 

P. J. van Beneden. Sur un poisson fossile nouveau des environs de 
Bruxelles et sur certains corps 4nigmatiques du crag d’ Anvers, 116. — 
A. Peterman. Troisi^me note sur lea gisemenls de phosphates en Bel- 
gique et particuli^remeut sur celui de Mesvin-Ciply, 120. — F. L. Comet et 
A. Briart. Rapport sur le m^moire de M. A. Riitot, *’ Sur la position strati- 
graphique des restes de mammiferes terrestres recueillis dans les couches 
de rdocene do Belgique,’ 464. — L. G. de Koninck. Notice sur lo Prest- 
ioichia rotundata^ J. Prestwich, deeouvert dans le schiste houiller de 
Ilornu, pres Moris, 479. — A. Rutot, Sur la position stratigraphique des 
restes de mammiferes terrestres r< ( ueillis dans les couches de I’eocene de 
Belgique, 600. — P. ,J. van Bened^Mi. Rapport sur le mdmoire de M. G. 
A. Boidenger, ^ Sur Parc pelvien chez les Dinosauriens de Bernissart,’ 
()00. — C. Malaise. Rapport sur 1<* ni^moire de M. C. de la Vallee Poussin, 
‘ Sur des por})hyroides fossiliferes rencoutrees dans le Brabant,’ 876. — 
C. de la Vallee Poussin. Note sur des Porphyro’ides fossiliferes reucon- 
trees dans le Brabant, 901. 

Tome ii. (1881). 1881. 

L. de Koninck. Rapport sur la ^Notice sur la Monazite des carrieres 
de Nil-Saint- Vincent,’ par M. A. Renard, 71. — 0. Malaise. Documents 
pal^ontologiques relatifs au terrain cambrien de I’Ardenne, 73. — A. Re- 
nard. Notice sur la Monazite des carrieres de Nil-St,- Vincent, 128. — 
A. Renard. Sur la substance micactle des tilons de Nil-St. -Vincent, 287. 
— A. Briart. Rapport sur le meinoire de M. Piirves, * Sur la delimitation 
et la constitution de I’etage houiller inferienr de la Belgique,’ 437. — J. C. 
Purves. Sur la dc^limitation et la constitution de I’dtage houiller in- 
f^rieur de la Belgique, 614. 

Tome iii. (1882). 1882. 

C. Malaise et Stas. Rapport sur le memoire de M. A. Renard, ‘ Sur 
le zircon des carrieres de Nil-St.-Vincent,’ 144. — G. Dewalque. Sur 
I’origine des calcaires devoniens de la Belgique, 105, 404. — A. Renard. 
Sur le zircon des carrieres de Nil-St.-Vinceiit, 100. — E. Dupont. Sur 
une revendication de priority, introduite devant 1’ Academie par M. G. 
Dewalque, a propos de ma note ‘ Sur I’origine des calcaires devoniens de 
la Belgique,’ 243, 739. — M. Mourlon. Rapport sur le memoire de M. S. 
Meunier, ^ Examen mindralogique des roches qui accompagnent le dia- 
inant dans les mines du Cap de Bomie-Espt^rance,’ 310. — C. Malaise. 
Rapport sur le mdmoire de M. A. Renai-d, ^Notice sur les roches de 
rile de Fernando Noronha, reciieillies pendant I’exp^dition du Chal- 
lenger,” ’ 321. — A. Renard. Notice sur les roches de I’ile de Fernando 
Noronha, recueillies pendant I’exp^dition du ‘ Challenger,’ 252. — S. Meu- 
‘nier. Examen mindralogique des roches qui accompagnent le diamant 
dans les mines du Gap de Bonne-Espdrance, 374. 
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Brussels. Academic Eoyale des Sciences &c. de Belgique. Bulletins. 
Serie 3. Tome iv. (1882). 1882. 

G. Dewalque. Sur la nouvelle note de M. E. Dupont, concemant 
sa revendication de priority, 172. — Mourlon. Considerations sur les 
relations stratigraphiques des psaramites du Condroz et des scliistes de la 
Famenne proprement dits, ainsi que sur le classement deces depots devo- 
niens, 504. — A. Briart, F. L. Cornet et G. Dewalque. Rapports sur le 
memoire concemant les terrains tertiaires beiges appartenant a la serie 
eocene, 040, 648. 

. . . . Tome V. (1883). 1883. 

C. Malaise. Sur la docouverte de V Oldhamia radlata^ Forbes, dans les 
terrains anciens du Brabant, 4. — C. Malaise. Sur la constitution du 
massif silurien du Brabant, 184. — E. Dupont. Sur les origines du cal- 
caire carboiiifcre de la Belgique, 211. 

. . Bulletins, Tables generales du rccueil des. Serie 2. 

Tomes xxi. a 1. (1807 a 1880). 1883. 

. . Momoires. Tome xliii. Paiiic 2. 1 882. 

P. J. van Beneden. Deux Plesiosaures du lias inferieur du Luxem- 
bourg, No. 12. 

. . . Tome xliv. 1882. 

. . Momoires Coiironnos. Tome xliv. 1 882. 

E. Van den Broecli. Memoire sur les plioiioinenes d’alteration des 
depots superficiels par I’infiltration des eaux nnHooriques (Studies dans 
leurs rapports avec la geologic stratigi’aphique, No. 2. 

. . . Tome xlv. 1883. 

— . . Momoires Cmironiios et mitroR Momoires. Tome 

xxxi. (8vo.) 1881. 

. . . Tome xxxiii. 1882. 

— . . . Tome xxxiv. 1883. 

. . . Tome XXXV. 1 883, 

. Musoe Royal d’Histoire Naturollo de Belgique. Bulletin. 

Tome ii. (1883). Nos. 2-4. 188^3-84. 

L. Dollo. Troisierae note sur les Dinosauriens de Bernissart, 85. — A. 
Renard. Reeberches sur la composition et la structure des pliyllades 
ardennais, 127. — J. Piirves. Sur les depots fluvio-marins d’age stuionicm 
ou sables aacheniens de la province de Liege, 153. — L. Dollo. Note sur 
les restes de Dinosauriens rencontres dans le cretace^ 8up(5rieur de la Bel- 
gique, 205. — L. Dollo. Qiiatrieme note sur les Dinosauriens de Bemis- 
sart, 223. — L. G. de Kouinck. Notice sur la distribution g^ologique des 
fossiles carbonifcres de la Belgique, 253. — L. Dollo. Note sur la presence 
du Gastornis Edwardm, Lemoine, (Ians I’assise irif^rieure de r(5tage lande- 
nien, a Mesvin, pres Mons, 207. — L. Dollo. Premiere note sur les Croco- 
diliens de Bernissart, 309. — K. Van den Broeck. — Note sur un nouveau 
mode de classification et de notation grapliique des ddptits g^ologiqiies 
basd sur r(5tude des pln^nomenes de la sedimentation marine, 341. — L. G. 
de Koninck. Note sur le Spirifer mosquenfds et sur ses affinites avec 
qiielques autres especes du radm’e genre, 371. — E. Dupont. Rapport du 
Directeur du Musee Royal d’llistoire Naturelle sur retat d’avancement 
de la carte gedogique a la bn de Texercice 1883, 403. 
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Brussels. Musee Eoyal d’Histoire Naturelle de Belgique. Bulletin* 
Tome iii. (1884). No. 1. 1884. 

J. Murray et A. Renard. Les caracteres microscopiques des cendres 
Tolcaniques et des poussieres cosmiques et leur role dans les sediments de 
mer profonde, 1. — J. Murray et A. Renard. Notice sur la classification, 
le mode de formation et la distribution geographique des sediments de 
mer profonde, 2o. — L. Dollo. Premiere note sur les Ch^loniens de Ber- 
nissart, 63. — L. Dollo. Note sur le Batracien de Bemissart, 85. — C. 
Klement. Analyses chimiques d’eaux de puits art^siens, 97. 

. Socidte Royale Malacologique do Belgique. Annales. 

Tome xvii. (1882). 1883 ? 

E. Delvaux. Compte-rendu de Texcursion de la Society Royale Mala- 
cologique de Belgique a Maastricht les 13 et 14 aout 1882, 44. — E. Van 
den Broeck. Reponse aux observations de MM. Cogels et Van Ertborn 
faites a I’occasion de I'expos^ sommairedemes reclierches dans le Limbourg, 
prt1seiit4 a la seance du 3 septembre, 18«1, viii, Ixv. — P.^Cogels et 0. van 
Ertborn. Contribution a I’etude des terrains tertiaires en Belgique, xxiv, 
xliii. — P. Cogels et O. van Ertborn. Reponse aux observations de M. E. Van 
den Broeck, liv. — E. Van den Broeck. Note sur les leves geologiques de 
MM. van Ertboni et Cogels, Ixxiv. — E. V an denBroeck. Diestien, Casterlien 
et iScaldisien. Note sur les depots lagunaires pliocenes d*Ueyst-op-den- 
Berg et de Beersel et sur leur s^mchronisme dans la r»5gion d’Anvers, ciii. 
— E. Van den Broeck. Note sur la position stratigraphique des sables 
grossiers et des sables chocolates Tongriens de la region de Butsel, Mont- 
Saint-Martin, etc., entre Tirlemont et Louvain, cviii. — II. Vandendaele. 
Sur la decouverte de fossiles Wemmeliens dans les gres femigiueux de 
Saint-Sauveur (Planchette de Fra.sne8), cxv. — G. Velge. Tongrieu et 
AVemmelien, cxvi, clxxxviii. — E. Delvaux. Note sur quelques niveaux 
fossiliferes appartenant aux systtmies Ypresien et Paniselien, cxxi. — E. 
Delvaux. Contribution a I’etude de la paleontologie des terrains terti- 
aires, cxlvii. — E. Van den Broeck. Additions a la Eaune Malacologique 
des sables a Isocardia cor du Fort de Zwyndrecht, pres Anvers, cliii.— E. 
Van den Broeck. Quelques mots en reponse a la note de M. ^ elge inti- 
tulee : Tongrien et Wemmelien, civ. — A. Rutot. Note sur des observa- 
tions nouvelles faites aux environs de Bruxelles, Castre et Renaix, clviii. 
— A. Rutot. Resultats de nouvelles reclierches dans I't^ocene superieur 
de la Belgique, cxlviii. — E. Delvaux. Note sur la decouverte d’osse- 
ments appartenant a des especes dteintes, dans le quaternaire de Mens et 
de Renaix, clxxxv. — E. Van den Broeck. Expose somniaire des recher- 
ches gdologiques et paldoutologiques entreprises dans I’oligocene des envi- 
rons de Louvain et dans les couches pliocenes et quaternaires de la 
Canipine Anversoise, cxcviii. — P. Cogels et O. van Ertborn. De Page 
des couches d argile quaternaire de la Campine, ccx. — A. Rutot. Note 
sur le mont de Castre, ccxxii. — G. Velge. Coupe de laBruyere de Castre, 
ccxxxv. 

. . Proces Verbal. Tome xi. (1882). Pp. clv-cclxvi. 

1882. 

E. Delvaux. Contribution a rdtiide de la paldontologie des terrains 
tertiaires, clxi. — E. Van den Broeck. Additions a la faune malacologique 
des sables a Isocardia cor, du Fort de Zwyndrecht, pres Anvers, clxvi. — 
E. Van den Broeck. Quelques mots en reponse a la note de M. Velge 
intitul^ie: Tongrien et Wemmelien, clxviii. — A. Rutot. Note sur des 
observations nouvelles faites aux environs de Bruxelles, Castre et Renaix, 
clxxi. — E. Van den Broeck. Expose sommaire des recherches gdolo- 
giques et pal^ontologiques entreprises dans I’oligoceue des environs de 
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Louyain et dans les couches pliocenes et quaternaires de la Camuine 
Anversoise, clxxxv. — A. Rutot. R^ultats de uouvelles recherches -dans 
r^ockie sup^rieur de la Belgique, cxciii. — E. Delvaux. Note sur la 
d6couverte d’oesements appartenant k des esp^ces ^teintes, dans le quater- 
naire de Mons et de Renaix, ccx. — Velge. Tongrien et Wemmelien, 
ccxiii. — ^P. Cogels et 0. van Ertbom. De I’age des couches d argile 
quaternaire de la Cam pine, ccxxxi. — A. Rutot. Note sur le Mont de 
Castre, ccxiii. — G. Velge. Coupe de la Bruyere de Castre, cclviii. 

Brussels. Societe Royale Malacologique de Belgique. Proces 
Verbal. Tome xii. (1883). Pp. i-cviii. 1883. 

0. van Ertbom. Observations de MM. O. van Ertbom et P. Cogels 
sur le travail de MM. E. Van den Broeck et A. Rutot, relatif a leurs 
lev^s g^ologiques, xxxvi. — E. Van den Broeck. R^ponse aux observa- 
tions faites par MM. van Ertbom et Cogela a ma note sur leurs lev^s 
g^ologiques, Ixx. — 0. van Ertbom et P. Cogela. Encore iin mot de 
r^ponse anx observations de M. Van den Broeck, Ixxx. — C. Ubaglis. 
Mollusques terrestres et fluviatiles des environs de Maastricht, Ixxxvii. — 
P. Cogela. Excursion de la Soci6«d G«5ologique du Nord a Dunkerque, 
xciv. — A. de Limburg- Stir um. Compte-rendu d’une excursion g^olo- 
gique faite a Gand, xcvii. 

Buckhurst Hill. Essex .Field Club. Transactions. Vol. iii. Part 7. 
1883. 

H. Woodward. The Ancient Fauna of Essex, 1. — T. V. Holmes. On 
Deneholes, 48. — In Memoriam : Sir Antonio Brady, .I.P., F.G.S., 04. — 
W. G. Smith. Priimnval Man in the Valley of the Lea, 102. — A. P. 
Wire. Note on the Woolwich Beds at Leyton, Essex, iii. — W. G. 
Smith. Chipped Celt found at Enh'eld, xiv. — Reports on Visits to Dene- 
holes in Hangman’s Wood, xxviii, Ivi. 

Budapest. Kdn. ungarische geologische Anstalt. Mittheilungen aus 
dem Jahrbuche. Band vi. Hefte 5 & 6. 1 883. 

J. Halavats. Palaontologische Daten zur Kenntniss der Fauna der 
eiidiingarischen Neogen-Ablagerungen, 1G3. — T. Posewitz. Das Gold- 
vorkommen in Borneo, 175. 

. . . . Heft 7. 1883. 

n. Szter^nyi. Ueber die eruptiven Gesteine des Gebietes zwischen 
P. Sopot und Dolnya-Lyubkova im Krasso-Szdr^nyer Comitate, 191. 

. . Foldtani Kozlony. Kotet 13. Fiizet 4- 10. 1883. 

L. Roth. Foldtani felv^tel a Lajta-IJegys^^ghen es a Bonsagi-IIegv- 
s^gben, 145. — G. Plulavats. Jelentes az 1882 evben Verseczkorny(:;kt*ii 
eszliozolt foldtani fdlv^telrol, 151. — J. Bockh. Az 1882 (5vben KVass^L 
Sz(irrenymegyeben vdgzett fdlv^telekre vonalkozo gcjologiai jegyzetek, 150. 
— S. Kalecsinszky. A rozsnydi vasas ^svanyviz nienn^dst^gi elerazc^se, 
171. — F. Schafarzik. A fcildrengc^si bizottsig eddigi mukcklt^sercil, 178. — 
L. Roth. Geologiai jegyzetak a Lajta-IIegystighol, 18.3.— A. Torok, L. 
Loezy ^s L. Roth. Az (Vruzsinai nasT-barlang ” megvizsgalas^rol, 190. 
— Tarsulati ugyek, 207-217. — L. v. Roth. Geologische Aufnahme ini 
Leitha- und iin Banater Gebirge, 221. — J, Halavats. Bericht iiber die 
Jahre 1882 in der Umgehung von Versetz durchgefiihrten geologischen 
Aufnahmen, 220. — J. Bdckh. Geologische Notizen von der Aufnahme 
des Jahres 1882 im Koiriitate Krasso-Szor^ny, 2.*12. — F. Schafarzik. 
Ueber die Thatigkeit der Erdbeben-Commission der ungarischen geolo- 
gischen Gesellachaft wahrend des ersten Jahres ihres Bestandes, 252.— 
A. Kalecsinszki. Die quantitative chemische Analyse des eisenhiiltigen 
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MineTalwassers voo Iloseiiaii, 266.— L. v. Roth. Geolop^he Notizen aua 
dem Leithagebirge, 267. — G. Primica. Ueber die Uebersichtsaufnabme in 
den FogarascherlKarpathien und dem benachbarten rumaniscben Gebirge, 
206. — J. V. Matyasovsky. Ueber einige Knochenreste aus der Klausen- 
hdhle Skit la Jalomnitza,” 267 — M. Staub. Ueber tertiare Fossilien 
aus den Schicbten des Felek-Berges bei Klausenburg, 269. — A. J. Krenner. 
Ueber Emplectit, Realgar und Schweitzerit, 269. — L. v. Roth. Ueber 
die hydrographischen Verhaltnisse von Ottocacz und Essegg, 269 — A. 
Kalecwnazky. Ueber die Moorgrund bei Also-Tatrafiired, 270. — L. Loczy. 
Ueber die ostlichen Theile des Himalaya-Gebirges, 270. — M. Staub. 
Ueber Pinm palceoatrohuSf Ettgah., 272. — M. Staub. Ausztralia fosszil 
fldraja, 273. — B. Winkler. A Gerecse a V^rtes hegvs^ foldtani 
viszonyai, 287. — J. S. Krenner. A bottinoi Meneghinitrof, 297. — J. S. 
Krenner. A japani Antimonitrdl, 304. — S. Kalecsinazky. Az also-tatra- 
fiirendi lapfdld chemiai elemz^se, 300. — B. Winkler. Die geologischen 
Verhaltnisse des Gerecse- und V^rtes-Gebirges, 337. — J. A. Krenner. 
Ueber den Meneghinit von Bottino, 345. — .T. A. Krenner. Ueber den 
Antimonit aus Japan, 350. — A. Kalecsinszky. Analyse der Moorerde 
von Alhd-Tatrnfiired (Schinecks) im Zipsar Coraitat, 357. 

Budapest. Mathematische und naturwissonscbaftliche Berichte aus 
Ungarn. Band i. 1882-83. 

A. Kocb. Bescbreibung der durch L. v. Loczy wahrend der osta^a- 
tischen Expedition des Grafen Bela Sz^.chen}d gesammelbm Gesteine, 
140. — J. A. Krenner. Die gronlandiscben Minerale der Kryolithgruppe, 
161. — A. Scherfel. Analyse des Mineralwassers zu Libra, 105. — J. A. 
Krenner. Ueber den Manganocalcit, 201. — .f. A. Krenner. Uelter die 
Nephrite der ostasiatischen Expedition des Grafen Bela Szt^chenyi, 203, 
— A. Scherfel. Cheniische Analyse des Mineralwassers von Czenn^te, 
230. — F. Koch. Chemisidje Ziisammensetzung des bei Mocs am 3 Feb- 
ruar 1882 gefallenen Afc^teorsteines, 345. — F. Koch. Volkonimene 
Analyse des doleritischen Plionolithes von Rakovacz, 340. — G. Vutskits. 
Die Nimimulithe Siebenbiirgtnis, 350. — A. Koch. Untersuchiing des 
weissen Thones von Sziiid ( Porcellanerde) und dessen Verwendiing zii 
Industriezwecken, 354. — F. Schafarzik. Bt'richt iiber die Aufnahinen 
der k. ung. geologischen Anstalt im Jahre 1882, 358. — A. Kalecsinszky. 
Quantitative Analyse des eisenhiiltigen Mineralwassers von Rosenau im 
(kmiitatc Gomor, 370. 

Buenos Aires. Academia Nacional de Ciencias en Cordoba (Repub- 
lica Argentina). Bolotin. Tomov. Entrega 3. 1883. 

A. Doering. Sobre la determinacion analitica de los vestigios de 
cromo en los miuernles, 253. — F. Aiueghino. Si^bre una niieva coleccion 
de mamiferos fnsiles, recogidos por el profesor Scalabrini en las barrancas 
del Parana, 257. 

. . . Tomo vi, Entrega 1. 1884. 

. Sociedad Ciontifica Argentina. Anales. Tomo xv. En- 
trega 4-6. 1883. 

Carbon fcisil de Mendoza, 270. 

. . . Tomo xvi, Entrega 1-6. 1883. 

A. Jezou. Informe sobre la provincia de San Luis relative a los 
estudios de Pozos Artesianos, 139, 102, 223. 

. . . Tomo xvii. Entrega 1-4. 1884. . 

G. A. Lallemant. Apuntes mineros de la republic a oriental, 49, 
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Buffalo Society of Natural Sciences* Bulletin. Yol. iv. No. 4. 
1883. 

Caen. SocieteLinneennede Normandie. Bulletin. Serie4. Yol. vi. 
(1881-82). 1882. 

Letellier. Note sur le quartzite des environs d’Alen 9 on, 16. — L. lie- 
comu. Note sur la feuille geologique de Coutances, 80. — J. Mori^re. 
Le grfes armoricain dans le Calvados, 40. — A. Bigot. Excursions g<So- 
logiques a travers la Hague, 44. — ^H. Douvill^. Note sur la partie moy- 
enne du terrain jurassique dans le bassin de Paris et sur le terrain coral- 
lien en particulier, 76. — J. Moriere. Premiere note sur les crustac^s de 
Toxfordien trouv^s dans le Calvados, 161. — J. Moriere. Note sur un 
fossile trouv^ a Amblie dans la Grande-Oolithe, 224. — ? Skrodsky. 
Conapte-rendu des excursions g^ologiques faites par la Soci^t^ Linn^enne 
de Normandie a Osmanville (Calvados) et dans le d(5paii;ement de la 
Mancbe, 269. 

Calcutta. Asiatic Society of Bengal. Journal. N. S. Yol. Hi, 
Part 1. Nos. 2-5. 1883. 

. . . Part 2. No. 1. 1883. 

• . . . Yol. Hii. Part 1. No. 1. 1884. 

. . Proceedings, 1883. Nos. 2-10. 1883-84. 

J« T. Walker. On the Earthquake of the 31 st December, 1881, 60, 

. • , 1884. Nos. 1 2. 1884. 

Cambridge Philosophical Society. Proceedings. Yol. iv. Part 6. 
1883. 

W. J. Lewis. On the Crystallogi-aphy of Miargvrite, 366. — E. Hill. 
On Ansted’s A.ssertion that the Oldest Rocks of Gueriisev are to be found 
in the Northern I’art of the Island, 384.— R. H. Solly. Crystiillograijhic 
Notes, 407. ^ 

. i-Transactions. Yol. xiii. Part 3. 1883. 

Cambridge, Mass. Museum of Comparative Zoology at Harvard 
College. Bulletin. Whole Series, Yol. vii. (Geological Series. 
Yol. i.). Nos. 9 & 10. 1883. 

W. M. Davis. On the Relations of the Tnossic Traps and Sandstones 
of the Eastern United States, 249.— W. M. Davis. The folded IJelder- 
berg Limestones east of the Catskills, 33 1. 

• • . Yol. X. Nos. 5 & 0. 1883. 

• • . Yol. xi. Nos. 1-9. 1883. 

• • Memoirs. Yol. viii. No. 2. 1883. 

• • • Yol. ix. No. 2. 1883. 

• • • Vol. X. No. 1. 1883. 

. Science. Yol. i. No. 21. 1883. 

^M. E. Wadsworth. The Microscopic Evidence of a Lost Continent, 
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Cambridge, Mass. Science. Vol. ii. Nos. 22, 24-47. 1883. 

J. M. Coulter. Some Glacial Action in Indiana, 6. — J. S. Diller. Notes 
on the Geology of the Troad, 256. — J. D. Dana. Evidence from Southern 
New England against the Iceberg Theory of the Drift, 390. — L. Baldacci. 
The Earthquake of July 28, 1883, in the Island of Ischia, 396. — L. Bal- 
dacci. The Java Upheaval, 469. — W. Pengelly. The Devonshire Caverns 
and their Contents, 662.-^swald Heer, 683. — Joachim Barrande, 669, 
727. — G. K. Gilbert. Drainage System and Loess Distribution of Eastern 
Iowa, 702. 

. . Vol. iii. Nos. 48-72. 1884. 

A. Winslow. Peculiarities of Weathering in the PottsviUe Conglo- 
merate, 12. — W. H. Dali. A new Volcano Island in Alaska, 89. — A. 
Hyatt. The Evolution of the Cephalopoda, 122, 145.— G. Davidson. 
Volcanic Eruption of Mount St. Augustin, Oct. 6, 1883, 186.— G. David- 
son. The new BogoslofF Volcano in Bering Sea, 282. — The American 
Awards of the Geological Society of London, 384. — J. W. Powell. On 
the State of the Interior of the Earth, 481. — J. W. Powell. The Funda- 
mental Theory of D 3 mamic Geology, 611. — G. M. Dawson. Recent 
Geological Observations in the Canadian N.W\ Territory, 647. — G. F. 
Kunz. Five Brazilian Diamonds, 649. — R. Bell. Geology and Minera- 
logy of Northern Canada, 756. 

Cape Town (Cambridge). South-African Philosophical Society. 
Transactions. Vol. ii. Part 3. 1882. 

Carlisle. Cumberland Association for the Advancement of Lite- 
rature and Science. Transactions. No. 8 (1882-83). 1883. 

J. Postlethwaite. Grapt j'ites of the Skiddaw Slates, 37. — T. V. 
Holmes. Water-supply in the Carlisle Basin, 17. — J. G. Goodchild. 

Professor Robert Ilarkness, F.R.S.,” 145. — J. G. Goodchild. Contri- 
butions towards a List of the Minerals occurring in Cumberland and 
Westmoreland, 180. 

Casscl. Palacontographica. Bandxxix. Lief. 5 & 6. 1883. Pur- 
cJiased, 

M. Kliver. IJeber einige neue Blattarien-, zwei Dictyoneura- und zwei 
Arthropleura-Arten aus der Saarbriicker Steinkohlen-Formation, 249. — E. 
von Dunikowski. Die Pharetronen aus den Cenoman von Essen und die 
systematische Stellung der Pharetronen, 281^ .G. v. Koch. Die un- 
geschlechtliche Verniehrung (Theilung und Knospung) einiger palaeo- 
zoischen Korallen vergleichend hetrachtet, 325. 

Band xxx. Theil 1. 1883. Purchased, 

K. A. Zittel. Beitriige zur Geologie und Palaontologie der libyschen 
WiiFte und der angreuzenden Gebiete von Aegypten, mit palaontolo- 
gischenBeitragen von A. Schenk, T. Fuchs, K. Mayer-Eymar, C. Sch wager, 
r, de la Harpe und E. Pratz, 1. 

— — . . • Theil 2. Lief. 1. 1883, Purchased* 

P. de Loriol. Eoctine Echinoideen aus Aegypten und der libyschen 
Wiiste, 6. 

. . Supplement 2. Abth. 4. (Text, 8vo ; Atlas, fol.) 

1883. Purchased, 

G. Bohm. Die Bivalven der Stramberger Schichten, 493, 
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Cheniical Ne^. Vol. xlvii. Nob. 1230 & 1231. 1883. 


. VoLxlviii. Nos. 1232>1257. 1883. 

. G. J. Brush and S. L. Penfield. On Scovillite, a new Phosphate of 
Didymium, Yttrium, and other rare Earths from Salisbury, Conn., 15. — 
W. C. Eustis. Analysis of Gibbsite from Marianna, Province of Minas 
Geraes, Brazil, 98. — C. M. Bradbury. Analysis of Topaz from a new 
locality in Maine, U.S., 109. — W. C. Eustis. On a Variety of Chrysocolla 
from Arizona, 109.— M. Page. Determination of the Alkaline Metals in 
a Lepidote from India, 109. 

VoLxlix. Nos. 1258-1282. 1883. 

J. T. Donald. Samarskite from Bertheir County, Que., 259. 

Chemical Society. Journal. Nos. 248-253. 1883. 

. . Supplementary number, 1883. 

. . Nos. 254-259. 1884. 

W. N. Hartley. On Scovillite, 167. — W. T. Wright and T. Burton, 
Analysis of Woodall Spa, 108. 

Chester Society of Natural Science. Twelfth Annual Report, for the 
year 1882-83. 1883. 

Christiania. Kongclige Norske Frederiks Universitets Aarsberetning 
for Aaret 1882. 1883. 

. Nyt Magazin for Naturvidenskabeme. Bind xxiv. Heft 4. 

1879. 

T. C. Thomassen. Geologiske Undersogelser pa-i Folgefons Halve, 
273.— A. Des Cloizeaux. Om mikrolin, nyt species, triklinisk kali-feldsj)atJ 
dens optiske, krystallografiske og kemiske kjeiidetegn, 296. — S. Wleiigel. 
Om forekomsten af indium i norske miiieraler, 33^ — H. II. Beusch. 
Jettegryder, dannode af Elve, 330. 

-- — . . Bind XXV. Heft. 1-4. 1879-80. 

P. E. Corneliussen. Dislokationslineii vcd .Skidra, ]. — L. Meinich. 
Dagbogfraen reise i Trvsil 187^, 12.— A. Penck. U.dxT einige Kou- 
taktgesteine des Kristiania-Siliirbecken.s, 62. — W. C. Brogger og II. II. 
lleusch. Norske apatitforekomster, 255. 

. . Bind xxvi. Heft. 1-4. 1880-81. 

L. Meinich. Dagbog fra en reise i Trysil Hominersen 1879, samt Om 

Kvitvola-etageris forliuld till Trvsil-fjeldetH kvartsit ogsaudstene, 12. F, 

Miiller. Nogle Nikkelforekomster pan Kingeriget, 34. — J. H. L. \o<'i. 
Vismuthglan.-forekomst paa evdostspidsen af nordre Sandd (Ilvalderne),' 
07. — H. II. Reuscli. Torghatten og Kinnekloven, 69. — II. II. Reuscb! 

Konglom(3rate-Sandstonefeltenie i Nordfjord, Sondf jord og Sogn. 93 

H. Knutsen. Damourit fra Fen, 193. 

. . Bind xxvii. Heft. 1-4. 1882-83. 

0. N. Hagen. Reiser for den geologiske Undersogelse vSomraeren 1880, 
55.— J. H. L. Vogt. Olivinstenen i indre sOiidn; Sbndniore, 125. — 0. E. 
Schidtz. Sparagmit-Kvarts Fjeldet i den ostlige del af Hamar Stift, 154. 
— 0. E. Scbiotz. Om nogle undersiluriske levninger i den sydlige del af 
Sparagmit-Kvarts-Fjeldet, 261. — T. Kjerulf. Om gaug-gjenne^mskiinriiiger 
ved Ekersund, 300.— H. Rosenbusch. Die Gesieinsarten von Ekersuud, 
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803. — T. Munster. Bemcerkninger om Kongsbergermineraleme, 309. — 
0. Olsen. Om Storvorts grube, 323. — T. Klerulf. Pragtstufer med 
brsekciestruktur fra Muggruoen og Storvarts, 336. — O. Herrmann. Vor- 
klufige Mittheilung liber eine neue Graptolitbenart imd mehrere bisher 
nocb nicbt aus Norwegen gekannte Graptolithen, 341. 

Christiania. Yidenskabs-selskabot. Forhandlinger. Aar 1878. 
1879. 

H. H. Eeusch. Jagttagelser over isskuret Fjeld og forvitret Fjeld, 
No. 7. 

. . . Aar 1879. 1880. 

. . . Aar 1880. 1881. 

. . . Aar 1881. 1882.^ 

T. Kjerulf. Fortsatte bemaerkninger om reliefforbolde, No. 1. — J. 11. L. 
Vogt. Nogle bemaerkninger om granit, No. 9. 

Aar 1882. 1883. 

Colliery Guardian. Yol. xlv. Nos. 1173 & 1174. 1883. 

The Geology of Lower Burma, 975. — H. Bramall. The Mineral Be- 
fiources of New Zealand, 1016. 

. Yol. xlvi. Nos. 1175-1200. 1883. 

Some Coalfields of the United States, 171. — F. N. Newcome. The 
Iron-fields of Sweden, 371. — Coal at the Cape, 411. — The earliest Dis- 
coveries of Coal in New South AVales, 699. — A Visit to a Coalfield in 
Bui’ma, 986. 

. Yol.xlvii. Nob. 1201-1225. 1884. 

Coal in Borneo, 131. 

Copenhagen. Kongelige Danske Yidenskabemes Selskab. Natur- 
vidcnskabelige og Mathematiske Afhandlinger. Kaekke 6. 
Bind i. Nos. 4 & 5. 1883. 

. . Oversigt, 1883. No. 2. 1883. 

Cracow. Akademija Umiojetnosci. Sprawozdanie. Komisyi Fiz- 
zjografieznej. Tom. xvii, 1883. 

Darmstadt. Yeroin fiir Erdkunde. Notizblatt. Folge iv. Hefte 
3 & 4. 1882-83. 

W. Harres. Die Mineralvorkomraen im kornigen Kalk von Auerbach 
a. d. Bergstrasse, 6. — W. Harres. Mineralien aus den Quarzgangen des 
Borsteiii und Hohensteiu h. Reichenbach, 9. 

Davenport, Iowa. Davenport Academy of Natural Sciences. Pro- 
ceedings. Yol. hi. Part 3 (1879-81). 1883. 

Dorpat. Naturforschor-Gescllschaft. Archiv fiir die Naturkunde 
Liv-, Ehst- und Kurlands. Serie 2. Biologische Naturkunde. 
Band ix. Lief. 5. 1884. 

. . Sitzungsberichte. Band vi. Heft 3. 1 884. 

C. Grewingk. TJeber die Verbreituug baltischer altquirtarer Geschiebe 
und klastischer Gebilde, 615. 
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Dresden. Academia Csesareo-Leopoldina Naturae Curiosorum. Nova 
Acta physico-medica. Tomus xix. Pars 1. 1839, 

. Pars 2. 1842. 

. Supplement 1. 1843. 

. Supplement 2. 1841. 

Tomus XX. Pars 1. 1843. 

. Pars 2. 1844. 

Tomus xxi. Pars 1. 1845. 

. Pars 2. 1845. 

. Supplement. 1845 ? 

Tomus xxii. Pars 1. 1847. 

Tomus xliv. 1883. 


Naturv^issenschaftliche Gcsellschaft Isis. Sitzunp^sbcrichto 
und Abhandlungen. Jahrgang 1883, Jan.-Dcc. 1883-84. 


Sitziingsherichte, 

H. jB. Geinitz. Joachim Barrande, 63. — A. Purgold. Miner alogische 
Notizen, 73. 

Ahhandlungen, 

H. B. Geinitz. Die sogenannten Koprolithenlager von llelmsh'dt, 
Biiddenstedt und Schleweke bei Harzbiirg, Abh. 3. — H. B. Geinitz. Die 
diluvialen Gletscher des ndrdlichen Emopas mit besonderer Beziehung 
auf Sachsen, 15. — H. Engelhardt. Ueber die Flora der iiber den Braun- 
kohlen befindlichen Tertiarschichten der Umgegend von Dux, 47. — 
T. Schrader. Die Diamantfelder am Cap der Guten Hoffnung, 65. 
A. B. Meyer. Ein neuer Fundort von Nephrit in Asien, 75. — A. B. 
Meyer. Der Sannthaler llohnephritfund, 77. — H. Engelhardt. Ueber 
bosnische Tertiarpflanzen, 86. — E. Danzig, Ueber einige geognostische 
Beobachtungen im Zittauer Gebirge, 89. — H, B. Geiuitz. Ueber einige 
Kiesablagerungen und die diluvialen Saugethiere des Konigreichs Sa^-> 
sen, 93. — H. B. Geinitz. Nachtrage zu den Funden in den Phosphatr 
lagem von Uelmstedt und Biiddenstedt, 106. 


Dublin. Eoyal Geological Society of Ireland. JoumaL VoL xvi. 

Part 2 (1881-82), 1882. 

E. Hull. On the Lauren tian Beds of Donegal and of other parts of Ire* 
land, 116. — S. Haughton. Presidential Address, 117.— O. A. Kinaluui. 
On the Mode of Occurrence and Winning of Gold in Ireland, 186.— -V. BatL 
Catalogue of the Examples of Meteoric Falls in the Museums of Ihtblii^ 
168. — G. II. Kinahan. Palaeozoic Rocks of Galway and elseidliiBre iii 
Ireland, said to be Laurentians, 162. — E, T. Hardman. On the Met^ 
mornhic Rocks of Cos. Sligo and Leitrim, and the enclosed Minerals, with 
Analysis of Serpentine &c. ; with Microscopical Notes on the Serpentine 
by E. Hull, 172. — G. H. Kinahsn. Glacial Moraines of Mount Ijeinster, 
Counties Wexford and Carlow, 186.— G. A. Kinahan. Some Notes on 
the Geology of Bray Head, with a Geological Map and Sections, 1^. 
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Bdinburgh. Boyal Physical Society, Proceedings. Session 1881-82, 
1882. 

R. Etheridge, jun. Openii^ Address, 1. — B. N. Peach. On some Fosril 
Myriapods from the Lower Old Red ^ndstone of Forfarshire, 177.— J. 
Gibson. An Addition to the Fish Fauna of the Oil Shales of Edinbuigh- 
shirCi 190. 


— — , . . Session 1882-83. 1883. 

R Kidston. On SphenopUm crma, Lindlw & Hutton, 

MiUer. Eiver-Terracing, its Methods and their Kesiilte, 268^ J. Bennie. 
On the Glaciated Summit of A-Uermmr, Pentlands, ^7.— . Gemmdl. 
On the IHscoierv of Late Glacial Implements m the Blnns of Galloway, 

Ta Peach. On the Occurrence of Pterygotus and a Limuloia in 

Caithness Magstones, and on the Natuie and Mode of Formation of 
Adam’s Plates,” 343. 


Ei-eter. Teign Naturalists’ Field Club. Bcport of the Proceedings 
for the j ear 1883. 1 884. 


Geneva. Socicte de Physique et d’Histoire Naturellc. Mcmoiros. 

Tome xiviii. Partie 1 (1882-83). 18b3. _ p mortnn 

r. de Loriol. Description des Echinides des Cnnicnno 

(Toscaue), prdcddde d’une notice stratjgrnpliiqiie jmr M. Oana\ an, o. O. 


Geological Magazine. Dec. 11. Vol. x. Nos. 7-12. 1883. 

11. Owen. On an Outline of the Skull, basal \iew, of Thi/lacoleoy 280. — 
T. II. Waller. A La\a from Montserrat, West Indies, 200. — S, V. Wood. 
On the Cause of the Glacial Period, 293.— C. Rickety. On Accumulation 
and Denudation, and their Influence in causing Oscillation of the Earth’s 
Crust, 302, 848. — T. McK. Hughes. On the Brecciated Bed in the Dimetian 
at St. Da\id8, 30G. — T. M. Reade. Examination of a Calculation of the 
Age of the Earth based upon the Hypothesis of the Permanence of Oceans 
and Continents, 300. — T. S, Hunt. The Decay of Rocks geologically 
considered, 310. — C. Lapworth. The Secret of the Highlands, 337. — 
J. J. II. Teall. On llypersthene Andesite, 344. — H. II. Iloworth. 
Traces of a great Post-Glacial Flood, SoO, 413.— J. Young. On the Shell- 
Stmcture of Chonetes Laguemana, De Kon., 368. — ^T. Davidson. Note on 
Chonetes Laguessiana, 371. — 0. C. Marsh. American Jurassic DinosaurB : 
Restoration of Brontosaurm, ^186. — S. V Wood. Further Remarks on the 
Origin of the Loess, 389. — J. G . Goodchild. J oints, 307. — A. Irving. On 
the Bagshot Sands as a Source of W ater Supply, 404. — R. N . Worth, The 
Rocks in the Neighbourhood of Plymouth, and their Stratigraphic Re- 
lations, 423. — E. T. Newton. On the Occurrence of the Cave Byssne bt 
the Forest Bed ” at Corton Cliff, Suffolk, 432.— T. G. Bonney. On 
Breccias and Crushed Rocks, 435 — T. V. Holmes. On Eskars or Kaui^ 
438. — 11. Woodward. Synopsis of the Genera and Species of 
ferous-Limestone Trilobites, 446, 481, 534 — ^T. McK. Hoghes.^^ UfOUtA 
Fossils supposed to have been found in the Pleistocene Graveli 
^ near Cambridge, 454. — J. Gunn. Does pfimiffmiui fn W 

Norfolk Forest Bed?, 456. — Diamond Mining at Kimberley, South 
Africa, 460. — T. Rupert Jones. Palaeozoic Ph^opoda, as reported on 

to the British Association, Southport, 1883, Section C, Geology, 461. 

H. Trautschold. A few words concerning the Periodical Movements 

of the Ocean, 487. — S. V. Wood. On the Long Mead-End Bed, 493. 

T> T? K-fltidRll On the Dissolution of Aratfomte Shells in the Coralline 
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Geologists’ Association. Annual Report for 1883. 1884. 

. Proceedings. Yol. viii. Nos. 2-6. 1883-84. 

W.H. Iludleston. Notes on the Diamond Roch of South Africa, 65. — 
W. F. Stanley. A Theory of Possible Causes of the Ele\atioTTi and Sub- 
sidence of Parts of the Earth’s Surface, 89. — L. Fletcher. Visit to the 
Mineralogical Department of the British Museum : Demonstration on 
Crystals, 90. — W. Topley. Excursion to Hythe, the N.E. corner of 
Romney Marsh, Sandgate, and Folkestone, 92. — B. B. Woodward. Note 
on the Drift Deposits at Hunstanton, Norfolk, 97.— G. S. Boulger. Notes 
on some of the (iptical Chai-acters of Minemls, 102. — T. V. Holmes. Ex- 
cursion to Westcombe Park, Greenwich, and Loam])it Hill, Lewisham, 
112. — W. II. Flower. Demonstration on the Eqiiida>, 1 1 4. — .1. Ilopkinson. 
Excursion to Berklianipstead and Bourne End, 117. — AV. Whitaker. Gn 
the Geology of Hunstanton. 124. — AV. G. Smith. Excursion to Homerton, 
124. — W . Whitaker. Ex curaion to Hunstanton , 1 33. — A . Irvdn g. On 1 h e 
Bagshot Strata of the London Basin and their Associated Gravels, 143. — 
J. Allen-Brown. On Pi obable Glaeial Deposits, or Evidence of the Action 
of Ice, near Ealing, Aliddlesex, 173. — T. V. Holmes. Excursion to the 
Deneholes of Ilangmun's AVood, near Grays, Essex, 182. — W. Toplev. 
Excursion to AVorth, 185. — H. Hicks. On the Geology of the District in 
North Wales to be visited during tlie Long Excursion, 187. — J. Logan 
Lobley. Excursion to the Medway A’ alley from Maidstone to Aylesford, 
192. — T. McK. Hughes. Excursion to Bangor, Snowdon, Holyhead, «S:c., 
195. — J. Moms. The Chalk, its Distribution and Subdivisions, 208. — H. 
M. Klaassen. On a Section of the Lotver London Teriiaries at Park Hill, 
Croydon, 226. — E. T. Newton. Note on Coryphodon Kemains, 250. — H. 
Hiclis. The Succession in the Archa*an Rocks of America compared w ith 
that in the Pre-Cambrian Rocks of Europe, 255.- J. AY. .luda. On the 
Methods which have been devised for the rapid Determination of the 
Specific Gravity of Minerals and Rocks, 278. — .1. R. Mortimer. Descri])- 
tion of the Orkrin and Distribution of the IJn-waterworn Chalk-criRvel on 
the Yorkshire Chalk Hills, supplemented by an Account of neighbouring 
and somewhat conteinporaueons Deposits^ 2s7. — J. S. Gardner. Fossil 
Plants, 299. — W. Fawcett. Address on Fossil I’lants from various Foi-- 
mations, 329. — G. A. J. Cole. Notes on the Krakafiia Eruption, 1883, 
832. — T. Rupert Jones. On the Implcmentiferous Gravels near London, 
334. — J. E. Greenhill. The Implemeniiferous Gravels of North-east 
London, 336. — H. AYoodward. ATsit to the British Museum (Natural 
History), Department of Geology ; Presentation of an Address to Sir 
Richard Owen, K.C.B., and Demonstration on Fossil Fishes, 353. — T. 
Rupert Jones. Visit to the British Museum, Bloomsbury : Demonstration 
on the Marbles and other Monumental Stones, 359. 

Giessen. Oberbessische Gesellschaft fiir Natur- und Heilkunde. 
Eericht 22. 1883. 

A. Streng. Ueber den Ilornblendediabas von Graveneck bei Weil- 
burg, 232.— A. Streng. Ueber einen apatitreichen Diabas von Graveneck, 
261. — H. Sommerlad. Ueber Nephelingesteine aus dem Vogelsberg, 263. 
— A. Stroraan, Die Kalkspathkrystalle der Umgegend von Giessen, 284. 
— G. Magel. Die Arsenkiese von Auerbach, 207. 

Glasgow. Geological Society. Transactions. Yol. vii. Parti. 
1883. 

D. Robertson. On the Post-Tertiary Beds of Garvel Park, Greenock, 
1. — J, White. Some Notes on a recent Trip in Ireland, and Thoughts 
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suggested by them, 37. — J. Dairon. Notes on several new Forms of 
Graptolites from the Silurian Shales of Dumfiierfshire, 4i3. — A. Pratt. 
Notes on the Igneous Hocks of the Kilmalcolm District, 46. — J. J. Dobbie. 
Note on a Specimen of Altered Dolomitic Limestone from the Cement- 
stone Series of the Ballagan Group, 49. — W. E. Koch. Notes on Mull 
and its Leaf-beds, 52. — II. S. Hunter. The Silurian Iloeks of Logan 
Water, Lesmahagow, 56. — E. A. Wiinsch. Description of an Erratic 
Boulder on the Highland Railway, 04. — T. Stewart. Sketch of the Geo- 
logy of Part of the Mainland, Shetland, 66. — D. Forsyth. Notes on the 
Silurian Rocks of the Muirkirk District, 74. — J. Horne. The Volcanic 
History of the Old Red Sandstone Period, north of the Grampians, 77. — 
J. VVliite. Remarks upon the Geology of the Isle of Man, 81. —R. Craig. 
On the Fossiliferous Strata lying between the Lower and Upper Lime- 
stones in the Beith and Dairy District, 86. — T. ^M. Barr. Notes on the 
Origin and Early History of the Geological Society of Glasgow, 97. — J. 
R. Al. Robertson. The Bismuth and Tin Deposits of Australia, 126. — J. 
R. S. Hunter. The Geology and Palaeontology of Bankend, Belltield, and 
Coaiburn, Lesmahagow, 143. — J. Stewart. Notes on the Limestones in 
the Parishes of Cathcart and Eastwood, Renfrewshir(‘, 158. — J. Coutts. 
Notes on a Carboniferous Selachian Fish from the Cement-limestone 
Series of East Kilbride, 164. — 1). C. Glen and J. Young. A Geological 
Excursion to Cathkin Quarries, 166. — 1). Bell. On a large Boulder of 
Mica-schist near Inverbeg, Lochlomond, 172. — J. Dairon. Notes on 
Graptolites, 176. — J. Young. Remarks on some of the External Cha- 
racters which distinguish Fenestella plebeia of AlcCoy from F, tubercukh- 
vMritmta of Etheridge, jun., 182. 

Glasgow. Philosophical Society. Proceedings. Vol. xvi. (1882- 
83). 1883. 

W. Wallace. On the Decay of Building-stones, 22. — J. G. Jenkins. 
Sdme Account of the Iron-ore fndusttry of the North of Spain, 161. — T. 
Gray. On a new Apparatus for recording the Time of Occurrence, the 
Duration, and the Nature and Magnitude of the Motions in an Earth- 
quake, 221. — James Thomson. On the Development and Generic Rela- 
tions of the Corals of the Carboniferous System of Scotland, 296. 

Graz. Naturwissenschaftliche Verein fiir Steiermark. Mitthei- 
lungen. Jahrgang 1881. 1882. 

J. Rumpf. IJeber eine nordische Reise, 3. — R. Hornes. Erdbeben in 
Steiermark, 110. 

. . . Jahrgang 1882. 1883. 

R. Hornes. Ein Beitrag zur Kenntniss der miociinen Meeres-Ablage- 
rungen der Steiermark, 263. 

Jahrgang 1883. 1884. 

A. Miller, R. v. Hauenfels. Ueber einen neuen Petrefactenfund in 
Obersteiennark, cvi. 

Greifswald. Geographische Gesellschaft. Jaliresbericht 1 (1882- 
83). 1883. 

Haarlem. Societd Hollandaise des Sciences. Archives Neerlan- 
daisee. Tome xviii. Livr. 2-5. 1883. 

H. Behrens. Contributions 4 la pdtrographie de PArcbipel Indien, 138. 

• . — , Tome xix. Livr. 1. 1884. 
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Haarlem. Hollandsclie Maatsohappij der Wetenschappen. Natuiir- 
kundige Yerhandlingen. Verz. 3. Deel iv. Stuk 3. 1883. 

Halifax, N. S. Nova- Scotian Institute of Natural Science. Pro- 
ceedings and Transactions. Vol. vi. Part 1. 1883. 

B. Honevman. On the Micro-Polariscopic Investigation of the Crys- 
talline Rocks of the Gold-bearing Series of Yarmouth, Nova Scotia, 7. — 
B. Honeyman. Glacial Transportation in Nova Scotia and beyond, 34. 
— E. Gilpin. On the Analysis of a Pictou Coal-seam, 42. — B. Honeyman. 
Nova-Scotian Geology (Halifax and Colchester Counties), 62. 

Halle. Zeitschrift fiir Naturwissenschaften. Band Ivi. (Folge 4. 
Band ii.). Hcfte 1-6. 1883. 

Conmter. Zur fossilen Flora der Lettenkohle Thiiringens, 1. — C. 
Petzold. Petrographische Studien an Basal tgesteinen der Rlion, 114. — 
E. Morgenroth. Die fossilen Pflanzenreste im Diluvium der Umgebung 
von Kameiiz in Sachsen, 270. — J. Schumann. Ueber einige vulkanische 
Gesteine Japans, 319. 

. — . Band Ivii. (Folge 4. Band iii.). Heft 1. 1884. 

H. Credner. Die erzgebirgisch-vogtlandischen Erdbebcn wahrend der 
Jahre 1876 bis Anfang 1884, 1. 

Hanau. Wetterauische Gesellschaft fur die gesammte Naturkimde. 
Bericht, 1879-82. 1883. 


Havre. Societp Geologique de Normandie. Bulletin. Tome viii. 
(1881). 1883. 

E. Bucaille. Etude sur des 6chinides fossiles du d^partement de la 
Seine-Infdrieure, 16.~P. Bizet. Notice a I’appui du profil geologique 
du chemin de fer de Mamers a Mortagne, 40.— G. Lennier. Etude geo- 
logique sur Villequier, 71.— F. Prudhomme. Note sur le limon des 
plateaux aux environs de Havre, 88.— C. Beaugi-and. Note sur les 
^boulements de Breaut^ et de Goderville, 102.— E. Savalle. Note sur 
les sables N^ocomiens, 104.— E. Savalle. Note sur un gisement ^'Apiy- 
chm dans les argiles kimmeridgiennes a Ammonites d'Octeville, 105.— 
G. Lennier. Les ^boulements au Cap de la Heve, 108. 

Hobart Town. Royal Society of Tasmania. Papers and Proceedings 
and Report for 1881. 1882. 

H. M. Johnston. Notes showing that the Estuarv of the Derwent was 
occupied by a Freshwater Lake during the Tertiary Period, 7.— C. E 
Barnard. Auriferous Country and Gold-bearing Rocks, 25.~S. H. Wintle.* 
Remarks on the Scamander Gold-field, 42. 

Institution of Civil Engineers. Minutes of Proceedings. Vol. Ixxii 
(1882-83). 1883. 

• . Vol. Ixxiii. (1882-83). 1883. 

rv ‘ ^ Saladin. The Coal and Mineral Deposits of Indo- 


Vol. Ixxiv. (1882-83). 

J . N. Paxman. On the Diamond-fields 
Africa, 69. 


1883. 

and Mines of Kimberley, South 
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Institution of Civil Engineers, Minutes of Proceedings. Vol. Ixxv. 
(1883-84). 1884. 

R. J. Frecheville. On the Mining and Treatment of Gold Ores in the 
North of Japan, 169. — ^A. 1). Dobson. Timaru Water-Supply, 195, — J. 
Pilbrow. Some Particulars of an Artesinn W(*ll bored through the 
Oolitic Rocks at Bourn, Lincolnshire, in 1856, 245, 

Vol. Ixxvi. (1883-84). 1884. 

. A Series of Lectures on the Practical Applications of Elec- 
tricity. Session 1882-83. (8vo.) 1884. 

Kansas. Kansas City Review of Science and Industry. Vol. ii. 
Nos. 2,4, & 8. 1878. Presented by W, Whited er^ Esq,^ 

N. S. Shaler. The Silver Question geologically considered, 101. — 
Anon. Missouri Mineral Production, 105. — G. C. Broadhead. Jackson 
County, Missouri : a few Notes on its Geology, 204. — J. Thome. The 
Rosedale Coal-vein, 210. — F. II. Snow. On the Dermal Covering of a 
Mosasauroid Reptile, 451. 

Knowledge. Vol. iii. Nos. 86 & 87. 1883. 

. Vol. iv. Nos. 88-113. 1883. 

J. V. ELsden. Geology and Agriculture, 4, 19. — R. P. Cook. Evi- 
dences of the Glacial Period, 373. 

Vol. V. Nos. 114-137. 1884. 

R. B. Cook. p]videncos of the Glacial Period, 6. — R. B. Cook. 
Causes of the Glacial I’eriod, 108. — 11. B. Cook. Effects of the 
Glacial Period, 198, 258. — II. A. Proctor. The Earthquake, 301. 

Lausanne, Societe Vaudobe des Sciences Naturelles. Bulletin, 
Serie 2. Vol. xix. No. 89. 1883. 

E. Renevier. Etude gt^ologique siir le uouveaii projet de tunnel coudti 
au travers du Simplon, 1. — E. Renevier. Le Mus<§e gdtdogique de Lau- 
sanne en 1882, 35. 

Leeds. Philosophical and Literary Society. Annual Report for 
1882-83. 1883. 

Leicester. Literary and Philosophical Society. Repoit and Trans- 
actions for the Session 1882-83. 1883. 

J. D. Paul. On a Section exposed on the Great Northern Railway 
near Thurnby and Scraptoft, 50. — If. E. Quilter. On an Exposure of 
Lower Lias on the Crown Hill in a pit of the Evington Lime Company, 

. . Transactions. Part ix. (1870-79). 1884. 

Leipzig. Naturforschendo GeseUschafb. Sitzungsberichte. Jahr- 
gang 10 (1883). 1884. 

A. Sauer. Ueber die petrographische Zusammensetzung und die Struc- 
tiirverbaltnisso der Leipziger Grauwacke, 1. — Felix. Ueber die nordi- 
echen Silurgeschiebe der Gegend von Leipzig, 38. — F. Schalch. Ueber 
ein neues Strontianit-Vorkommen bei 'Wildenau unweit Schwarzenberg- 
im Erzgebirge, 76. — Dalmer. Ueber einen Glacialschliff auf dem Porphyr 
von Wildschiitz, 85. — A. Sauer. Die Krakatoa-Aseben des Jahres 1883, 
87. — Sachsse. Ueber den Feldspath-Gemengtheil des Flaserirabbros von 
Rosswein i. S., 101. 
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Ldipzig. Zeitscbrifb fiir Krystallographie und Mineralogie. Band 
viii. Hefbe 1-6. 1883, Farchased, 

G. Vom Hath. Mineralogiache Mittbeilungen, 26. — C. Barwald. Der 
Albit vom Kasb^k, 48. — A. von Lasaulx. Ueber Mikrostructur, (mtiscbes 
Verhalten und Umwandlung dea Hutil in Titaneisen, 64. — A. von Lasaulx. 
Ueber Oordieritzwillinge in einem Auswurfling dee Laacher Sees, 76. — H. 
Forstner. Ueber die Feldspathe von Pantelleria, 125. — F. J. Wuk. 
Mineralogische Mittheilimg, 208. — ^A. Catlirein. Ueber einige Mineral- 
Vorkommen bei Predazzo, 219, — G. J. Brush und S. L. Penfield. Ueber 
Scovillit, ein neues Phosphat von Didym, Yttrium etc. von Salisbury, 
Conn., 226. — A. Schrauf. Ueber Ditricuprophosphat und Luniiit, 281. — 
A. Cathrein. Ueber die mikroskopische Verwachsung von Magueteisen 
mit Titanit und Hutil, 321. — A. Arzruni. Einige Miueralien aus einer 
uralischen Chromitlagerstatte, 830. — ^A. Arzruni. Schwefel von Zielen- 
zig, 338. — A. Arzruni. Groddeckit, ein neuer Zeolith von St. Audreas- 
berg am Harz, 343. — A. Beutell. Beitrage zur Kenntniss der schlesischen 
Kalinatron feldspathe, 351. — W. J. Lewis. Ueber die Kry stall form des 
Miargjnit, 545. — A. Franzenau. Kiystallographische und optische Un- 
tersuchungen am Amphibol des Aranyer Berges, 568. — von Zepharo- 
vich. Ueber Brookit, Wiilfenit und Skolezit, 577. — C. Hintze. Beitriige 
zur Kenntniss des Epistilbits, (505.— A. Schmidt. Zur Isomorphic des 
Jordanit und Menegliinit, 613. 

. . Band ix. Hefte 1 & 2. 1884. PurvJiasexl 

E. S. Dana. Ueber den Antinionglanz von .lapan, 29. — L. Griinhut. 
Beitrage zur krystaUographischen Kenntniss dt‘S Audalusites und des 
Topases, 113.- — H. Laspeyres. Mineralogisclie Beiuerkungen, 1(52. 

Leyden. Geologische Heichs-Museuins Samml ungen. Kos. 4~9. 
Beitrage zur Geologie Ost-Asiens und Ausfcraliens von K. 
Martin und A. Wichmann. 1882-84. Purchased, 


Liege. Societe Geologique de Belgique. 
(1881-82). 1881. 


Annales. Tome ix. 


G. Dewalque. A propos du tremblement de terre du 18 novenibre, 
-G. Dewalque. Siir la session du Congres G(3ologinue 

rkl/inmo Ivix' A — 1 .. J ' .1 » 


1881, Ixvii., xciii.- . ... .. 

Internationa] de Bologne, Ixix. — ^A. Hutot. Note siir le degre d’avnnce- 

meiit des trayaux de la carte geologique d(^faill(^e de la Ik‘lgique, Ixxxi. 

A. hpket. Note sur un oc'hantilluii d angiesile et siir des cristaux de 
cdrasite, xcvii. A. Kiitot. Observations sur lo dtgre d’avancenieiit des 
travaux de la carte detaillee de la Jkdgique, xcviii. — G. Dewalque. Ht^- 
pon^ aux observations deM. Kutot, ci. — H. Malherbe. Note sur la flore 
houillere de la province de Li^ge, civ.— H. Malherbe. Note sur I’horizon 
de r^age inftlneur du systeme bouiller, cxxx.— J. Keuleaux. Sur les 
^sements de manganese de la Traiiiscaiicasie, cxxx viii. — A. Eirket. Sur 
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Aoiiinck. Sur quelques Cephalopode.s nouveaux du calcaire carbonilere 
de 1 Irelande, P . CogeL et (J. van Ertborn. Sur la constitution 
geologique de la yalleo de la Senne, 61. — L. G. de Koninck. Notice sur 
a famine des ^llerophontidse, 72. — II. Forir. Sur les relations entw 
rocbes eruptive.s du Hartz, par K. A. Lessen 
( ibliographie), 3. — 11. Forir. Sur I’etat actuel de la question des tremble- 
ments de terre, par F. Toula (Bibliogmpliie), 10. 

^ Societe Hoy ale des Sciences de Liege. Memoires. Serie 2 
Tome X. 1883. 
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Livr. 2-4. 1883. 
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k celui des regions voisines, 86 . — Gosaelet. Quelques remarques sur la 
flore des sables d’Ostricourt, 100. — Gosselet. Une excursion dans les 
Pyr^n^es, 108. — E. Van den Broeck. Sur les depots oligoc^nes du Lim- 
bourg, 116. — A. Six. Sur Torigine et le mode de formation des minerals 
de fer liasiques, 121. — L. Dollo. Etudes sur les Dinosauriens de Bemissart, 
138. — 0. de Candolle. Les Ripple-marks, 140. — C. Malaise. Echelle 
stratigraphique du massif du Brabant, 143. — Fayol. Note sur la nomen- 
clature des terrains de sediment, 148. — C. BaiTois. Sur les faunes sihiri- 
eniies de la Haute-Garonne, 151. — C. Barrois. Notes sur les recherches 
du Dr. J. Lehmann dans la region granulitique de la Saxe, 173. — A. Six. 
Les Dinosauriens de Bemissart, lrt9. — J. Gosselet. Note sur I’Arkose 
d’Haybes et du Franc-Bois de Willerzies, 104. — J. Gosselet. Note sur 
les collines de Cassel, 207. — C. Queva. Compte-rendu de I'excursion 
a Solesmes, 238. — C. Queva. Compte-rendu de i’excursion dans TAisne 
et les Ardennes, 242. — L. Wertheimer. Compte-rendu de I’excursion 
dans le calcaire carbonif^ire des environs d’Avesnes, 256. — C. Queva. 
Compte-rendu de I’excursion geologique dans le bassin de Paris du 
14 au 20 octobre, 1883, 250. 

. . . Tome xi. (1883-84). Livr. 2. 1884. 

C. Barrois. Observations sur la constitution geologique de la Bretagne, 
87, — C. Maurice. Observations sur une espece de Connlaria du calcaire 
d’Avesnelles, 92. — A. Six. Les poussieres des G laces, 08. — C. Barrois. 
Sur les gres ni^tamorphiques du massif granitique du Gut5m($ne, 103. — 
J. W. Judd. Un puits profond nouvellement ouvert a Richmond, Surrey, 
141. — A. von Lasaulx. Sur une nouvelle roche a glaucophane de Tile de 
Groix, 144. — K. Zittel. G^ologie et paleontologie du desert Lybien, 148. 
— A. Six. L’evulution <^es Cephalopodes d’apres le professeur .‘Upheus 
Hyatt, 167. 

Liiinean Society. Proceedings. Nov. 1882 to Juno 1883. 1883. 

. Journal. Botany. Yol. xx. Nos. 129-131. 1883-84. 

. . . Yol. xxi. Nos. 132 & 1;13. 1884. 

, . Zoolog}\ Yol. xvii. Nos. 99-102. 1883-84. 

. Transactions. Ser. 2 . Botany. Yol. ii. Parts 5 & 6 . 

1883-84. 

. , Zoology. Yol. ii. Parts 7-9. 1883. 

. . . . Yol. iii. Parti. 1883. 

Lisbon. Sociedade de Geographia. Boletin. 3® Serie. Nos, 6 & 
10 - 12 . 1882. 

J. M. d’£ 9 a, A Australia, 670. 

. . . 4® Serie. Nos. 1-5. 1883. 

. . Expedigao scioutifica il Serra da Estrella em 1881. 

8 eo 9 §,o de Botanica. Relatorio do Julio Augusto Henriques. 
(4to.) 1883. 

— • . . Secqtlo de Meteorologia. Relatorio do Augusto 

Carlos da Silva. (4to.) 1883. 
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Liverpool. Geological Assooiatioii. Annual Eeport, 1882-83. 
1883. 

• Gkiological Society. Proceedings. Session 24 (1882-83). 

Vol. iv. Part 6. 1883. 

D. Mackintosh. On the Post-Tertiary Changes of Level around the 
Coast of England and Wales, 349. — T. M. Reade. A Traverse of the 
Yorkshire Drift, 364. — G. H. Morton. The Carboniferous Limestone and 
Cefn-y-Fedw Sandstone of Flintshire, 381 . — G. H. Morton. Notes on the 
Carboniferous Limestone of Belgium, made during a recent Visit to that 
Country, 404. — G. H. Morton. Description of a Geological Map of the 
Storeton Quarries, Cheshire, 406. 

. Naturalists’ Field Club. Proceedings for the year 1882-83. 

1883. Presented hy W, Whitaker^ Esq.^ F.G,S. 

H. H. Higgins. Notes on Grange-over-Sands, 9. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal 
of Science. Ser. 5. Vol. xvi. Nos. 97-102. 1883. I^re- 

sented hy Dr, W, Francis, F,O.S, 

James Croll. On some Controverted Points in Geological Climatologv ; 
a Reply to l^ofessor Newcomb, Mr. Hill, and others, 241. 

. . Vol. xvii. Nos. 103-109. 1884. Presented by Dr, 

W, Francis, F,G,S, 

London Iron Trades Exchange. Vol. xxxii. Nos. 1254-5. 1883. 

. Vol. xxxiii. Nos. 1256-1281. 1883. 

. Vol. xxxiv. Nos. 1282-1306. 1884. 

Madison, Wis. Wisconsin Academy of Sciences, Arts, and Letters. 
Transactions. Vol. v. (1877-81). 1882. 

I. M. Buel. The Corals of Dcdafield, 185. — G. D. Swezey. t'>n some 
Points in the Geology of the Region about Beloit, 194. — T. C. Chamberlin. 
On aprm) 08 ed System of Lithological Nomenclature, 234.— T. C. Cham- 
berlin. Observations on the recent Glacial Drifts of the Alps, 258. — J. E. 
Todd. A Description of some Fossil Tracks from the Potsdam Sandstone, 
276. 

Manchester. Geological Society. Transactions. Vol. xvii. Parts 
8-15. 1883-84. 

G. Wild. Sigillaria Pot-Holes ”) and their Detection in the Roof of 
a Coral-seam by their Stigmarian Roots, 215. 

. Literary and Philosophical Society. Memoirs. Ser, 3. 

Vol. vii. 1882. 

J. B. Hannay. On Siliceous Fossilization : Part 2, 31. — E. W. Binney. 
Notes on a Bore through Triassic and Permian Strata lately made at 
Openshaw, 126. 

Vol. ix. 1883. 

Proceedings. Vol. xx. 1881. 

E. W. Binney. On some Marine Fossil Shells in the Middle Coal 
Measures of Lancashire, 18. — T. Ward. The Land Subsidence at North- 
wich, 65. 
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Manchester. Literary and Philosophical Society. Proceedings, 
Vol. xxi. 1882. 

T. Ward. On the Manufacture of Salt in Cheshire, 14. — A. S. Wood- 
ward. On the Occurrence of Oxide of Manganese (Wad) in the Yoredale 
Kocks of East Cheshire, 115. 

. . . Vol. xxii. 1883. 

G. Darbishire. Note upon the Mammoth Cave, 55. — W. Brockbank. 
On the Levenshulme Limestones, 61. 

Melbourne. Royal Society of Victoria. Transactions and Pro- 
ceeding's. Vol. xix. 1883. 

J. E. Tenison- Woods. A Physical Description of the Island of Tas- 
mania, 144. 

Meteorological Society. Quarterly Journal. Vols. i.-viii. (1872-82). 
1873-82. 

. Vol. ix. Nos. 45-49. 1883-84. 

Milan. Rcale Istituto Lombardo di Scienze e Lettere. Memorie. 
Vol. XV. (vi. della serie iii.). Fasc. 1. 1883. 

. . Rendiconti. Serie 2. Vol. xv. 1882. 

E. T. Taramelli, Sopre dei giacimenti numraulitici dell’ Appennino 
Pavese, 48. — P’. T. Taramelli. La Oeologia dell’ Appennino Pariiien^e, 
282. — C. F. Parona. Sopre due piani f(»ssilif(‘re del Lias iiell’ Umbria, 
368.— E.T. Taramelli. ll gruppo cristallino dell’ Albigna e della Dis- 
grazia, 5‘>4. — E. T. Taramelli. Di un recente scoscendimento presso 
Belluno, 617. 

. Societa Italians di Scienze Naturali. Atti. Vol. xxv. 

Ease. 3 & 4. 1883. 

F. Salmajraghi. Alcuno osservazioni geologiche eui dintorni del lago 
di Comabbio, 268. 


. . . Vol. xxvi. Fasc. 1-4. 1883—84. 

F. Molinari. Dal Lago Maggiore al Lago d’ Orta, 21. — F. Salmajraghi. 
Notazioni crono-geologiche, 71 . — G. Mercalli. SiiU' eruzione Etuea del 22 
marzo, 1883, 111. — E. Bonardi e C. F. Parona. Kicerche micropaleonto- 
logiche sulle argille del baeino lignitieo di Leffe, 182. — G. B. Villa. 
Excursioni geologiche fatte uella Brianza, 373. 

Mineralogical Society. Mineralogical Magazine and Journal. Vol. v. 
Nos. 24-26. 1883-84. 

M. F. Ileddle. On a new Mineral Locality, 115. — J. H. Collins. On 
some Cornish Tin-stonejs and Tin-capels, 121 . — J. J. Dobbie. Analyses of a 
Variety of Saponite, 131. — M. V. Ileddle. The Geognosy and Mineralogy 
of Scotland, 133, 217, 271. — J. W. Hood. Nickel Ore from Piney Moun- 
tain, Douglas Co., Oregon, 193. — Marshall Hall. On some Rocks from the 
Saas-Grat, compared with Erratic Blocks from the neighbourhood of 
Lake Leman, 194. — S. Henson. On a Cr 3 " 8 tal of Apatite, 198. — W. H. 
Hudleston. On a recent Hyppthesis with respect to the Diamond Bock 
of South Africa, 109. — J. 11. Collins. On the Minerals of the Rio Tinto 
Mines. 211. — H. A. Miers. On the Crystalline P'orm of Meneghiuite, 325. 
— J. S. Thomson. Note on Crystcils of Calamine from W'anlockhead, 
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Dutnfries-shire) 332. — A. S. Woodward. Note on the Occurrence of 
Evansite in East Cheshii’e, 333. 

Montreal. Canadian Naturalist. N. S. Vol. x. No. 8. 1883. 

C. G. Rockwocd, jun. Notes on Canadian Earthquakes, 45t). — J. Baker 
Edwards. On some recent Analyses of Soils, 458. — J. AV. Dawson. 
Notice of Graptolites of the Quebec Group collected by Mr. James 
Richardson for the Peter Redpath Museum, 401. 

Moscow. Sociele Imperiale des Naturalistes. Bulletin, 1882. 
Tome Ivii. Partie 2. Nos. 3 & 4. 1883. 

H. Trautschold. Ueber den wech.-elnden Horizont des Erdoceans, 77. 
— 11. Trautschold. Ueber die Bezeichiiung der Kelchplatteii der Cri- 
noideen, 201 ; H. Trautschold. AVissenschaftliches Ergebnis der in und 
urn Moskau zum Zweck der AVasserversorgung und Canalistitiou von 
Moskau ausgefulirteii Bohrungen, 333. 

. . , 1883. Tome Iviii. Partie 1. Nos. 1 & 2. 

1883. 

H. Trautschold. Zur Frage iiber die periodische Bewegung des Erd- 
oceans, 341. — II. Trautschold. Ein Mastodon Stosazahn, 41(>. 

Partie 2. No. 3. 1884. 

. , Nouveaux Memoires. Tome xiv. Livr. 4. 1883. 

Munich. Koniglich-bayeiische Akaderaie der Wissenschaften. Ab- 
handlungen der inathematisch-physikalischen Classe. Band xiv. 
Abth. 2-3. 1883. 

. . Sitzungsberichte der mathematisch-physikalischen 

Classe, 1 883. Hefte 1 & 2. 1 883. 

F. Pfaff Versuche die absolute Iltirte der Mineralieii zu bestiinnien, 
55. — C. W. V. Giimbel. Beitriige zur Kenutniss der Texturverhaltnis.'e 
der Mineralkohlen, 111. 

Nancy. Academie de Stanislas. Memoires, 1882. Serie 4. Tome 
XV. 1883. 

Bleicher. Nancy avant I’histoire, xxx. 

. Societe des Sciences de Nancy. Bulletin. Serie 2. Tome vi. 

Fasc. 14(1882). 1883. 

J. Wohlgemuth. R^sum6 du resultat d’un voyage g<Sologique qu’il a 
entiepris dans la Cote d’Or, xvi. — Bleicher. Sur le minerai de fer de 
Meurthe-et-Moselle, consid^rd au point de vue stratigraphique et pal^on- 
tologique, xviii. — Fliche et Wohlgemuth. Sur un gisement de plantes de 
r^poque jura<^8ique dans le d^partement des Ardennes, xxi. — Bleicher. Sur 
le terrain carhonifere marin a Burba.ch-le-IIaut (Hte. Alsace), xxvii. — 
Bleicher. Sur Toolithe inff^rieure de Meurthe-et-Moselle, xxx. — Bleicher. 
Sur le terrain carbonilere marin de la vallde de la Bruche (Alsace), xxxiii. 
— Bleicher. Sur nouveaux gisements pdtrolif&res de I’Alsace, xxxv. — 
J. Wohlgenauth. La valeur des caractereg pal^ontologiques en geologic, 
xxxvi. — Bleicher. Recherches de min^ralogie micrographique sur la 
roche de Thdlod et sur le basal te d’Essey-la-Cdte (Meurtne-et-Moselle), 
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Nancy. Soci^tc des Sciences de Nancy. Bulletin. S^rie 2. Tome vi. 
Faso. 15 (1883). 1884. 

J. Wohlgemuth. Eecherches sur le jurassique moyen a Test du bassiu 
de Paris, 1. 

Nature. Vol. xxviii. Nos. 713-730. 1883. 

W. II. Flower. On Whales, Past and Present, and their probable 
Origin, 109, 220. — W. R. Browne. On the Causes of Glacial Motion, 
285. — J. S. Gardner. Elevation and Subsidence ; or the Permanence of 
Oceans and Continents, 828. — Tlie Ischian Earthquake, 827, 845. 874. — 
The Agram Earthquake, 827. — O. C. Marsh. On the supposed Human 
Footprints recently found in Nevada, 870. — IT. .T, Johnston-Lavis. 'The 
Ischian Fjarthquake, 487. — IT. N. Moseley. The Bemissart Iguanodon, 
— The .lava Uplu^aval, 448. — J. W. Dawson. Some Unsolved Pro- 
blems in (Geology, 441h — Scientific Aspect of the Java Catastrophe, 457. 
— C. Fk De Ranee. Notes on the Post-Glacial Geology of the Country 
around Southport, 4iK).— British Association: Section C, Geology, 503, 
577; Department of Anthropol(»gy, 525; Address, Section E, 552. — 
Oswald lleer, 012. — W. G. Smith. Large and Rude Palaeolithic Imple- 
ments, 017. 

. Yol. xxix. Nos. 731-750. 1883-84. 

,T. T. Bealby. The Java Irruption and lOarthquake Waves, 30. — W. G. 
Smith. Palreolithic Man— his Bead Ornaments, 88. — A. Geikie. The 
Ojigin of Coral Reefs, 107, 124. — The Java Disaster, 140, 158. — G. II. 
Darwin. Ripple-marks, 102. — H. B. Guppy. The Origin of Coral Reefs, 
214. — E. Metzger. Gleaning from the Reports concerning the Eruption 
of Krakatoa, 240. — C. van Doom. The Eruption of Krakatoa, 208. — J. 
Milne. Earthquakes and Buildings, 2iX). — II. J. Johnston-Lavis. The 
late Eriipticm of Vesuvius, 291. — Metamoi'phism among Devonian Rocks, 
315. — A. Geikie. The Origin of the Scenery of the Bntish Islands, 325, 
847, 396, 419, 442. — J. W. Judd. Jurassic Rocks under London, 829. — 
Geological Survey of the I'nited Kingdom, 395. — M. F. Ileddle. Agates, 
419. — ^^The Geolo^dcal l*(»sition of the Human Skeleton found at Tilbury, 
440. — G. Davidson. Notes on the Volcanic Irruption of Mount St. 
Augustin, Alaska, October 0, 1883, 441. — J. Milne. Earth Tremors, 450. 
— H. Drumnumd. Geology of Central Africa, 551. — R. K. Douglas. 
Chinese Palaeontology, 551. — J. Murray and A. Renard. Volcanic Ashes 
and Cosmic Dust, 585. — Siwalik Carnivora, 590. — An Earthquake in 
England, 002. — J, von Haast. On the Progress of Geology, 607, 

. Vol. XXX. Nos. 757-708. 1884. 

R. D. M. Verbeek. The Krakatoa Eruption, 10. — The Earthquake in 
England, 17, 00. — T. G. Bonney. The Building of the Alps, 44, 05. — 
II. J. Johnston-Lavis. Volcanoes on the Shores of Lake N 3 "assa, Africa, 
62. — J. Murray and A. Renard. On the Nomenclature, Origin, and Dis- 
tribution of Deep-sea Deposits, 84, 114, 185. — J. A. Ewing. Measuring 
Earthquakes, 149, 174. -The Fixtinct Lakes of the Great Basin, 197. — 
K. Pettersen. On Northern Norway under the Glacial Age, 202. 

Neuchatel. Societe des Sciences NatureUes. Bulletin. Tome xiii. 
1883. 

A. Guyot. Observations sur les glaciers, 160, — A. Jaccard. Note sur 
le gypse purbeckien du Lode, 242. — M. de Tribolet. Notes g^oWiques 
et psl^ontologiques sur le Jura Neucbatelois, 268. — G. Ritter. Propo- 
sition d’^laboration d’un plan g^n^ral des restes d’habitations lacustres et 
autres vestiges anciens aiiisi que des moraines visibles sur les rives des lacs 
du Jura^ 384. 
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Newcaatle-upon-Tyne. North-of-England Institute of Mining and 
Mechanical Engineers. Transactions. Vol. xxxii. (Ib82-b3}. 

1883. 

C. Tylden- Wright. On the Channel Tunnel, 3. — C. Parkin. On the 
Mineral Resources of the Rosedale Abbey District, 43. — G. 0. Greenwell. 
The Duration of the Coal of Great Britain and Ireland, 135. — J. H, Grant. 
The Daltonganj Coalfield, 149. — J. D. Kendall. The Structure of the 
Cumberland Coalfield, 310. 

. . Yol. xxxiii. Parts 1-4 (1883-84). 

1884. 

E. Stapfi*. Some Results of the Observations on Underground Tempera- 
ture during the Construction of the St.Gothard Tunnel, 19. — G. A. Lebour. 
On a great Fault at Annstead, in North Northumberland, 09. — E. F. Melly. 
Notes on the Warwickshire Coalfield, 151. 


New Haven, Conn. American Journal of Science. Ser. 3. Yol. xxvi. 
Nos. 151-156. 1883. 

J. Le Conte. On the Genesis of Metalliferous Veins, 1. — C. A. White, 
The Burning of Li^ite in situ, 24. — R. I). Irving. On the Paiamorphic 
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Brontosaurus, 81. — E. Andrews. Glacial Markings of Unusual Forms in 
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Triphilite), 176. 1. Sterry Hunt. The Deeav of Rocks geologically 

considered, 190.- E. S. Dana. Stibnite from Japan, 215.— A. Hague and 
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and W ashington Territory, 222.— VV. P. Blake. Ca.ssiterile, Spodumene! 
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Mr. Hill, and others, 249.— W. Cross and VV. F. Hillebrand. Commu- 
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U. D M alcott. Injury sustained by the Eve of a Trilohiti* at the time of 
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Becraft s Mountain, 381.— W . M. Davis. The Nonconformity at Rondout. 
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N.Y., 889. — 0. D. Walcott. Pre-Carboniferous Strata in the Grand Canon 
of the Colorado, Arizona, 437, 484. — C. G. Hockwood. The Ischian 
Earthquake of July 28, 1883, 473. 
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Nos. 157-162. 1884. 

0. E. Dutton. The Effect of a Warmer Climate upon Glaciers, 1. — 
W. Upham. The Minnesota Valley in the Ice Age, 34. — G. JL Gilbert. 
On the Origin of Jointed Structure, 47. — G. K. Gilbert. A Theory of 
the Earthquakes of the Great Basin, with a practical Application, 49. — 
J. Croll. Examination of Mr. A. R. Wallace’s Modincation of the 
Physical Theory of Secular Changes of Climate, 81, 432. — W. Cross. On 
Sanidine &c. in the Nevadite of Chalk Mountain, Colorado. 94. — F. 
Spiinger. Occurrence of the Lower Burlin^n Limestone in New 
Mexico, 97. — W. Upham. The Minnesota Valley in the Ice Age, 104. — 
C. A. White. Glacial Drift in Montana and Dakota, 112. — J. D. Dana. 
Glacial and Champlain Periods about the Mouth of the Connecticut Val- 
ley — that is, in the New Haven Region, 113. — R. D. Irving. Supple- 
ment to Paper on the Paramorphic Origin of the Hornblende of the 
Crystalline Rocks of the North-western States,” 130. — W. E. Hidden and 
J. b. Mackintosh. On Herderite (?), a Glucinum Calcium Phosphate and 
Fluoride, 135. — O. A. Derby. Decay of Rocks in Brazil, 13&. — O. C. 
Marsh. Principal Characters of American Jurassic Dinosaurs, 162, 329. 
— F. D. Chester. The Quaternary Gravels of Northern Delaware and 
Eastern Maryland, 189.— S. L. Penfield. On the Ideiititv of Scovillite 
with Rhabdophane, 200. — G. F. King. Topaz and associated Minerals 
at Stoneham, Me,, 212. — T, N. Dale. Contribution to the Geology of 
Rhode Island, 217, — E. S. Dana. Crystalline Form of the supposed 
Herderite from Stoneham, Maine, 229. — W. B. Dwight. Recent Ex- 
plorations in the Wapping^ r Valley Lime.'^tone of Dutchess County, N.Y., 
249. — B. F. Koons, Kettle-Holes near Wood’s lloll, Mass., 200. — T. N. 
Dale. Contribution to the Geology of Rhode Island, 282. — L. F. Ward. 
Mesozoic Dicotyledons, 292. — G. F. Kunz. Tourmaline and associated 
Minerals of Auburn, Maine, 303. — G. F. Kunz. Andalusite from Gor- 
ham, Maine, 395. — G. F. Kunz. White Garnet from Wakefield, Canada, 
300. — O. C. Marsh. A new Order of extinct Jurassic Reptiles, 341. — J. 
Croll. Remarks on Professor Newcomb’s ‘^Rejoinder,” .34^3. — W. F. 
Hillebrand. An interesting Variety of Lollingite and other Minerals, 349 
— C. G. Rock wood, jun. Notes on American Earthquakes, 358. — T. 0. 
Chamberlin. Hillocks angular Gravel, and Disturbed Stratification, 
378. — R. C. Hills. Extinct Glaciers of the San Juan Mountains, Colo- 
rado, 391.— C. A. Vanhise. Secondary Enlargements of Felspar Frag- 
ments in certain Keweenawan Sandstones, 399. — O. C. Marsh. Principal 
Characters of American Cretaceous Pterodactyls, 423. — G. K. Gilbert. 
The Sufficiency of Terrestrial Rotation for the Deflection of Streams, 427. 
— W. B. Scott. Marsupial from the Colorado Miocene, 442. — A. Hague 
and J. P. Iddings. Volcanic Rocks of the Great Basin, 453. — L. C. 
Wooster. Transition from the Copper- bearing Series to the Potsdam, 463. 
— R. 0. Hills. Kaolinite from Rea Mountain, Col., 472. — G. F. Becker. 
The Influence of Convection on Glaciation, 473. — E. N. S. Ringueberg. 
A new Dinichthys from the Portage Group of Western New York, 476. — 
E. S. Dana. Mineralogical Notes, 479. 

New York. Academy of Sciences. Annals. Yol.ii. Nos. 10 & 11. 
1882. 

F, G. Wiechmann. Fusion-Structures in Meteorites, 289. 

No. 13. 1883. 
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New York, Academy of Sciences. Transactions. Vol.i. Nos. 6-8. 
1882 

N. H. Darton. Notes on the Weehawken Tunnel, 129. — W. Earl 
Hidden. A Phenomenal Find of Fluid-bearing Quartz Crystals, 131. . 
G. Wiechmann. Fusion -struct lu’e in Meteorites, 153. — J. J. Stevenson. 
The Mineral Kesources of South-west Virginia, 159. — J. C. Russel. Sul- 
phur Deposits at Cove Creek, 168. — N. L. Britton, On some large Pot- 
noles, near Williamshridge, N.Y., 181. 

. . . Vol. ii. Nos. 1-8 (1882-83). 1883. 

A. A. Julien. The Genesis of the Crystalline Iron Ores, 0. — D. S. 
Martin. A new Eurypterid from the Catskill Group, 8. — N. L. Britton. 
Notes on the Cretaceous Marl -belt of New Jersey. 0. — .T. S. Newberry. 
On the Origin of Crystalline Iron Ores, 13. — P. De P. Ricketts. Analysis 
of the Franklinite Ores of New Jersey, 26. — II. C. Ilovey. Subterninean 
Scenery, 30. — W. L. Lay. On the Deposits of Earth-wax (Ozokerite) in 
Europe and America, 43. — A. A. Julien. The Decay of the Building- 
stones of New York City, 07, 120. — G. F. N. Kunz. On a large. Mass of 
Cretaceous Amber from Gloucester Co., New Jersey, 85. — B. B. Cham- 
berlin. The Minerals of the Weehawken Tunnel, 88. — .1. S. Newberry. 
The Botany and Geology of the Country bordering the Bio Grande, in 
Texas and Chihuahua, 90. — 11. Durham. On the Disintegrated Sand- 
stone at New Durham, N. .1., 117. — J. S. Newberry. Some int(‘resting 
Remidns of Fossil Fishes recently discovered, 144. — P. De P. KkOvetts. 
On a Form of Graphite found at Ticonderoga, N.Y., 148. — P. De P. 
Ricketts. Certain Ores from North Carolina, 140. — J. S. Newberry. 
The Evidences of Ancient Glaciation in North America, and their Bearing 
on the Theoiy of an Ice Period, 155. 

. American Museum of Natural History. Annual Report, 

1884. 1884. 

. . Bulletin. Vol.i. No. 5. 1884. 

R. P. Whitfield. Notice of some new Species of Primordial Fossils in 
the Collections of the Museum, and Corrections of previimsly described 
Species, 139. — C. H. Hitchcock. Geological Sections across New Hamp- 
shire and Vermont, 153. 

. Cooper Tnion for the Advancement of Science and Art. 

25th Annual Report (1884). 1884. 

. Engineering and Mining Journal. Vol. xxxvi. Nos. 1-20, 

23, 24. 1883. Presented hy Dr, C. Le Neve Foster^ F.G,S, 

J. F. Blandy. The Mining Region around Prescott, Arizona, 33. — C. 
A. Schaffer. On the Occurrence of Gold in Williamson County, Texas, 
34. — On the supposed Human Footprints recently found in Nevada, 62. — 
The Transvaal Gold-field, 68. — W. P. Blake. The Discovery of Tin- 
stone in the Black Hills of Dakota, 145, 163. — F. L. Clerc. The Mining 
and Metallurgy of Zinc in the United States, 148, 180. — J. A. Walker. 
Graphite, 184.— Diamond-mining in the Province of Minas-Geraes, Brazil, 
216. — Gold in the Province of Minas-Geraes, Brazil, 248. — The Mines at 
Rio Tinto, Spain, 310. — W. Nicholas. The Origin of Gold in certain 
Victorian Quartz-reefs, 367. — 1). C. Davies. Sketch of the Metalliferous 
Deposits of Flintshire and Denbighshire, Wales, 382, 397. 

. . Vol. xxxvii. Nos. 3-26. 1884. PresenUd hy Dr. 

C, Le Neve Foster^ F,G,S, 

A. A. Julien. The Genesis of the Crystalline Iron Ores, 81. — T. Sterry 



ADDinOirS TO THE LIBBAKT. 


103 


Hunt. On the Apatite Deposits of Canada, 138. — G. F. Becker. The 
Geology of the Comstock Lode, 163. — F. Sandbe^er. Theories on the 
Formation of Mineral Veins, 196, 218, 232. — J. C. Smock. Geologico- 
geographical Distribution of the Iron Ores of the Eastern United States, 
217, 2§0. — The Geological Survey of Canada, 331. — K. L. Jack. The 
Genesis of Tin-stone, 353. — M. E. Wadsworth. The Lateral Secretion 
Theory of Ore-deposits, 364. — The Temperature of the Earth as shown 
by Deep Mines, 409. 

Northampton. Northamptonshire Natural-Histor)^ Society and Field 
Club. Journal. Vol. iii. Nos. 17 & 18. 1884. 

B. Thompson. The Upper Lias of Northamptonshire, 3. — B. Thomp- 
son and T. J. George. A Catalogue of the Geological Collection in the 
Northampton Museum, 39. 

Norwich. Geological Society. Proceedings. Vol. i. Part 7. 
1883. 

W. Whitaker. On Things in General, and the Red Chalk of Norfolk 
in Particular, 207. 


Part 8. 1884. 

S. C. Sothern. List of Fossils from the Norwich Crag at Brundall 
Railway Station, 237. — W. AMiitaker. On the probable OccuiTence of 
Tottenilioe Stone near Roydon, Norfolk, 238. — H. B. Woodward. Notes 
on the Norwich Chalk, 23\). — J. Gunn. On the Age of the Mamraalife- 
rous Crag (Charlesworth) or Norwich Crag (Lyell ), 243. — F. W. Ilarmer. 
On the Age of the Red Chalk at Hunstanton, 248. — W. \Miitaker. 
Note on the Deep Well at the Carrow^ Works, Norwich, 250. — F. J. Ben- 
nett. On the Glacial Question and the Drifts of East Anglia, 252. — T.V. 
Holmes. On Eskers or Karnes, 263. — W. Whitaker. Presidential Ad- 
dress, 277. 

Palaeontographical Society. Monograi)hs. Vol. xxxvii. 1883. 
(Two copies.) 

J. S. Gardner. A Monograph of the British Eocene Flora, vol. ii. 
part 1. Gymnospermoe. — J. W. Salter. A Monograph of the British 
Trilobites from the Cambrian, Silurian, and Devonian Formations, part 5. 
— II. Woodward. A Monopaph of the British Carboniferous Trilobites, 
pai’t 1. — T. Davidson. A Monojrraph of the British Fossil Brachiopoda, 
vol. V. part 2. — J. Lycett. A Monograph of the British Fossil Trigonim, 

a ement no. 2. — ^T. Wright. Monograph of the Lias Ammonites of 
ritish Islands, part 6. 

Paris. Academie dcs Sciences. Comptes Rcndus. Tome xcvii. 
Nos. 1, 2, 4-20, and 22-27. 1883. 

L. Dieulafait. Gisements, association et mode probable de formation 
de la baiy^tine, de la C(51estine et de rauhydrite, 61. — B. Delachanal. Sur 
la composition de I’asphalte ou bitume de Jud(§e, 491. — B. Renault. 
Note pour servir a Thistoire de la formation de la houille, 531.— A, 
Daubr6e. Sur Tinsuffisance des relev6s statistimies des treiublements 
de terre pour en tirer des predictions, 728. — A. Daubree. Rapport sur 
le tremblement de terre ressenti a Ischia, le 28 juillet, 1883 ; causes pro- 
bables des treiublements de terre, 768.-:-L. Dieulafait. Les sei-pentines 
et les teiTaiiiB opliiolithiques de la Corse ; leur age, 811. — Deperet. 
Nouvelle etude sur les ruminants fossiles d’ Auvergne, 866. — W. R# 
VOL. XL. Z 
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Browne. Discussion des causes auxquelles on doit attribuer le mouye- 
inent des glaciers, 920. — Duveyrier. Tremblement de teire ressenti a 
Gbadsones, a la fin du mois d’aout 1883, 923. — G. Lespiault^ et Ij. For- 
quignon. Sur une in^tc^orite ferrifere, tomb^e le 28 janvier, 1883, a 
Saint-Caprais-de-Quinsac (Gironde), 1022. — L. Dieulafait. Calcaircs 
saccbaroides et ophites du versant nord des Pyrenees, 1089. — ^De Lesseps. 
Propagation marine de la commotion du tremblement de ten'e d(' Java, 
1172. — ^Bouquet de la Grye. Sur la propagation des lames produites par 
r^ruption des volcans de Java (aout 1883), 1228. — S. Meuiiier. Contri- 
bution a la tli6orie volcanique, 1230. — B. de Ohancoiirtois. Sur un 
moyen de constater par enr^gistremont continu les petits mouvements 
de I’i^corco terrestre, 1857. — A. Daubree. Bondage de Ililhac (bassin 
de Brassac), 1869.— F. C. Grand’Eury. Sondage de Toussieii (Isero), 1 870. 

Paris. Academie dos Sciences. Comptes Rcndus. Tome xcviii. 
Nos. 1-17 and 19-24. 1884. 

M. Ohaper. De la presence du diamant dans une pegmatite d(5 ITn- 
doustan, 113. — G. Cotteau. Snr lesEeliinides du terrain eocene de Saint- 
Palais (Oharentc-Inferieure), 1 16.— E. Kenou. Series oscillations pro- 
duites par I’^ruption du Krakatoa, 1 (>0. — S. Aleunior. G isement tongrien de 
Longjumeaii (Sciue-et-Oise), 31 0. — P. Thomas. Snr qnelqnes formations 
d’eau douce tertiaires d’Algerie, 31 1. — A. T. d’Abl)adi(‘. Snr h's petits 
tremblements de tcrre, 322. — A. Daubree. Meteorite tomlx^e a Gros.slieben- 
thal, pres Odessa, le 1 7 -29 novembre, 1 881 , ‘ >23. — S. !M eunier. Presence do 
la pegmatite dans les sables diamantiferes du Cap, 380. — P. Thomas. Sur 
quelques formations d’eau donee qnaternaires de I’Algerie, .‘>81. — E. Dn- 
pont. Origines et modes de formation des calcaires devonien carboni- 
fere de la Belgique, 449. — A. Gorgeu. >Sur la friedelite et lapyrosmnlite, 
586. — L. Dieulafait. Existence du manganese a letat dt* ditfusion complete 
dans les marbres bleus do CaiTar(', de Paros (*t d(*s l^yrenoes, 589. — I...‘Di(*u- 
lafait. Manganese dans les marbres cipolins de la formation primordiale — 
Consequences geologiques, 034. — A. Daubree. Notice sur les travaux de 
feu M. Stella, 652. — Y. Lemoine. Du Simcedosaure, re])tile d(' la faune 
ceruaysienne des environs de Beims, 097. — A. F. Nogues. G isement 
d’or a Penaflor en Andalousie, 700. — A. Gandry. Snr un Sirenicm d’espec(^ 
nouvelle, trouve dans le bassin de l*aris, 777.-^C. \V. Blomstrand. Snr la 
composition de la pechblende, 810. — C. Brongniart. Sur un gigantesqne 
Neurorthcmtere, provenant des terrains houillers de Oommentry, Allier, 
832. — F. Gonnard. Sur la ditfusion de la christianib* dans les laves an- 
ciennes du l’uy-de-D6me et de la Loire, 839. — L. Dieulafait. Oiigine d(? 
certains phosphates de chaux, en amas dans les calcaires de la sf^rie 
secondaire, et de certains minerais de fer appartenant a la division des 
minerals en grain, 841. — A. Gorgeu. Sur la production artificielle de la 
fayalite, 920. — S. Meuiiier. Pseudo-m6teorite sib^rienne, 928. — A. Des 
Cloizeaux. Note sur I’identite optique des cristaux de la herd6rite d’Ehren- 
friedersdorf et de celle de I’^tat du Maine, 956. — L. Dieulafait. Depots de 
mer et d’eau douce du point de vue agronomique, suivant qu’ils sont ou 
ne sont pas sulfur^s : alluvions de la Durance — Relation avec les phos- 
phates, 1007. — H. Gorceix. Nouveau m^moire sur le gisemont du diamant 
a Grao Mogul, province de Minas Geraes (Bresil), 1010. — ^V. Lemoine. 
Sur les os de la tete et sur les diverses especes du Simcedosaure, reptile de 
la faune cemaysienne des environs de Reims, 1011. — A. Daubree. Ob- 
servations extraites du rapport de M. Verbeek sur I’^ruption du Krakar 
toa les 26, 27 et 28 aofit, 1883, 1019. — G. Gonnard. Addition aux asso- 
ciations z^olithiques des dol^rites de la Chaux-de-Bergonne (Puy-de- 
D6me), 1067. — C. Cloez.^ Analyse de TeaiJ min^rale de Brucourt, 1282. 
— A, Daubree. Observations relatives aux ponces du Krakatoa, 1303, — G. 
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Rolland. Sur les terrains de transiwrt et les terrains laciistres du bassin 
du chott Melrir (Sahara oriental), 1342.— B. Renault et R. Zeiller, Sur 
un nouveau genre de fossiles v^g^taux, 1391.— M. L^vy. Sur ouelques 
nouveaux types de roches provenant du mont Dore, 1394, — II. Gorceix. 
Sur les mineraux qui accoinpagnent le diamant dans le nouveau gisement 
de Salobro, province de Bahia (Bresil), 141().— G. Rolland. Objections a 
la tbeorie dhine mer sahaiienne d lepoque quaternaire, 1453. — A. llau- 
bree. Meteorite tombee recemment en Perse, a Veramine, dans lo district 
de Zerind, 1405. 

Paris. Annalcs des !Miiics. Serie 8. Tome iii. livraisons de 

1883. 1883. 

A. de Bovct. Lindustrie minerale dans la province de Minas-Geraes, 
85. — C. Lodin. Note sur certains combustibles tertiaires de ITstrie et de 
la l)aluniti<3, 209. 

. . . Tomeiv. 4'‘ livraison dc 1 883. 1883. 

Villot. I".tiide sur le bassin do Fiivoau et sur un gi-aiid travail a y 
executor, 5. 

T al>lc des Matiercs do la vii.*' serie decennale, 1 872- 
1881. 1882. 

. Annales dos Science's Geologujucs. Tome xiv. Nos. 2-4. 

1882. Frcmi(c<J hf/ J/. E. JJeheri. 

A. Peroii. Fsstii d’line description geologif|ue de TAlgerie pour servir 
de guide aux geoL^gues dans rAfrique fran^*aise, no. 4. — II. Filliol. Ob- 
servations relatives au meinoire de M. (.’Ope, intitule : Kelatiou dos hori- 
zons j'enferiTiani dixs debris daniinaiix vertebres fossiles en Furi>pe et en 
Anierique, no. 5. 


. . Tome XV. 1884. 

Oroisiers d(* ljneoivi<T. bhude goologique sur le departonient de 
rArioge ot en particulier sur lo leiTiiin crotace, no. 1. 

. Annales des Sciences Naturelles. Zoologie et Paleontologie. 

Serie (). Tome xv. No.s. l-() ( 18vSl). 1S83. Purchased, 

. . . Serio (>. Tome xvi. Nos. 1-6. 1883. 

A. de Qiiatrefages. Les Moas et les Chasseurs de Moas, no. 4. 

. Association Franeaise ])our rAvancement des Sciences. 

Compte Rendu de la 9^ vSession, Reims, 1880. 1881. Par- 
chased, 

G. Cotteau. Exposition d’histoire natiirelle a Reims, 503. — F. Pom- 
merol. Age du Volcan de Gravenoire, 511.— Y. Gauthier. Sur les ^chi- 
nides du ddpartemeut des Bouches-du-Rhone, 518. — Le Mesle et Peron. 
Sur des empreintes de pas d oiseaux observdes par M. Le Mesle dans le sud 
de I’Algdrie, 528. — A. Peron. Note sur I'origine dos cours d’eau de la 
champagne septentrionale, 534. — G. Rolland. Exploration gdologiqiie et 
hydrologique du Sahara, 541. — G. Cotteau. Sur les ^chinides de r^tage 
Turonien de TAlg^rie, 550. — G. Berthelin. Coup d'oeil sur la faune 
rhizopodiqiie du calcaire grossier infthleur de la !Marne, 553. — y. Gauthier. 
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Kobert. Quelques mots sur la question glaciaire, 571. — A. Meuj»Y. Sur 
quelques faits se rapportant a la g^ologie du d^parteinent des Artlennes, 
575 , — E. Ohantre. Les anciens glaciers du ba^in du Rhdne, — E. 
NiToit. De Tacide phosphonque dans les terrains de transition ot dans 
le lias des Ardennes, 684.— Petiton. 'Nature gdologique et forme du 
V^suve, 688. — Bleicher. Application de la g<5ologie microscopique 
h Turch^ologie pr^historique, 692.— A. Peron. Faune fossile de la craie 
des environs de Reims, 694. — Bleicher. Etude de gdologie compares sur 
le terrain quatemaire a’Jtalie, d^Alg^rie, du Maroc, de Test de la France 
et de I’Alsace, 698.— Lemoine et Aumonier. Terrains tertiaires des envi- 
rons de Reims, 606. — A. Peron. Sur une coupe de la montagne de Reims, 
au-dessus du tunnel de Rilly, relev^e lors de I’ex^cution des travaux de ce 
tunnel, 620. — E. Riviere. Ba grotte de TAlbar^a, 628. — F. Pommerol. 
Alluvions de Tage de la pierre polie en Lima^ne, 777. — G. Lagneau. De 
quelques ph^nomenes gdologiques relates par rhistoire,paraissant t<5moigner 
de la haute antiquity de Thomme, 791. — M. Stirrup. De I’antiquit^ de 
I’homme dans la Grande-Bretagne, 811. — A. Wimy. Sur les gisements 
de TAisne (Soissonnais), 868. 

Paris. Association Frangaise pour TAvanccmcut des Sciences. 

Compte Rendu de la 11® Session, La Rochelle, 1882. 1883. 

Purchased. 

J. K. Schlumbergcr. Sur un nouveau foraininifere, — L. Bureau. 
Synthese des sc*histes ardoisiers et valeur des gies a faune de May, 333. — 
P. de Loriol. Note sur le genre A 2 nocnmu<., 334. — Petiton. Esquisse gt^o- 
logique de la Cochincliino frangaise, du Cam bodge ( province de Poursat) et 
de Siam (province de Battambang), 338. — E. Fuchs. Station pri^istorique 
de Som-ron-sen aii Cambodge, et determination de Tage de cette station, 
363. — F. Pommerol. Le moiiflon quatemaire du Mus^'m^ de Saumur, .3(50. 
— A. I’omel. Sur une station prehistoriqiie de la ])laine d’Eghisa Test de 
Mascara, 3(52. — J. Vilanova. Sur les roclies volcaniques de la province 
d’Almeria, 363. — II. Luguet. Note sur deux volcans de la chaine des 
Domes, 305. — E. Riviere. Le gisement quatemaire de Billancourt (Seine), 
369, 656. — Boissellier. Carte gdologique de.*^ environs de Rochefort, 377. 

. Bibliotheque do TEcole des Halites Etudes. Section des 

Sciences Naturelles. Tome xix. 1879. Purchased. 

II. Filhol. Etude d(*s mammiferes fos.^ile.s de Saiiil-Ciernud le Pay 
(Allier), ])artie i. no. 1. — II. Filhol. Observations sur le memoire de M. 
Cope intitule : Relations des horizons renfemiant des dt^bris d’animaux 
vertebres fos.siles en Europe et en Aiui*rique, no. 3. 

Tome XX. 188n. Purchased. 

11. Filhol. Etude des mammiferes fossiles de Saint-G(5raud Je Puy 
(Allier), partie ii. no. L— A. 19 ilne-Ed wards. Note sur quelques cru.s- 
tac<^s fossiles des environs de Biarritz, no. 3. — 11. E. Sauvage. Nouvelles 
recherches sur les poi.s6ons fos.siles decoiiverts par M. Alby a Licata, en 
Sicile, no. 4. 

Tome xxii. 1881. Purchased. 

J. B. Bourguignat. llistoin* malac-ologique de la colline do Sansan, 
pr^edd^e d’une etude geologique et .suivie d’un apergu climatologique et 
topographique de Sansan a I’epoque des depots do cette colline, no. 3. 

. . . 3bme xxiii. 1881. Purchased. 

G. A'asscur. Recherches gdologiques sur les terrains tertiaires de la 
France occidentole, no. 1. 



ADDITIONS TO THE LIBRARY. IO7 

Paris. Bibliotheque de PEcole des Hautes Etudes. Section des 
Sciences Naturellcs. Tome xxiv. 1882. Purchdsed, 

H. FilhoL Etude des mammif^res fossiles de Ronzon (Haute-Loire), 
no. 4. 

. Journal de Conchyliologie. Scrio-S. Tome xxiii. Nos. 1~4. 

1883. Purchased. 

R. Toumouer. Description d’un nouveau sous-genre de Melaniidae 
fossile, des terrains tertiaires sup^rieurs de I’Algerie, 68. — P. Fischer. 
Observations sur la note pi^cedente, (K). — E. de Boury. Diagnoses 
Scalidarum novarum et Acirses novae in stratis Eocenicis regionis ** Bassin 
de Paris ” vulgo dictae repertis, 62. — E. de Boury. Description d’especes 
nouvelles de Mathilda du bassin de Paris, 110. — M. Cossmann. Descrip- 
tion d’esp^ces du tertiaire des environs de Paris, 153. 

. . . Tomo xxiv. No. 1. 1884. Purchased* 

P. Fischer. Description d’un nouveau gem^e de mollusque fossile, 20. 
— J. Depontaillier. Iragments d’uii catalogue descriptif des fossiles du 
pliocene des environs de Cannes, 22. 

. Museum d’Histoire Naturelle. Nouvelles Archives. Serie 2. 

Tome v. Fasc. 2. 1883. 

-. . . . Tome vi. Fasc. 1. 1883. 

Revue Scientifique. Serie 3. Tome xxxi. (1883). N 
25, 26. 1883. 

Tome xxxii. (1883). Nos. 1-26. 1883. 
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Vol. XV. Parts 3 & 4. 1883. 

. . . Vol. xvi. Parts 1 & 2. 1884. 

Boyal Astronomical Society. Memoirs. Yol. xlvii. (1882-83). 
1883. 

Boyal Geographical Society. Proceedings. Yol. v. Nos. 7~12. 
1883. 

. . Yol. vi. Nos. 1-4. 1884. 

H. H. Godwin- Austen. The Mountain Systems of the Himalaya and 
neighboming Banges of India, 83. — C. W. De la Poer Beresford. Note on 
the Ascent of Ambrym Volcano in the New Hebrides, 129. — ^The Vol- 
canic Eruption of Krakatau, 142. — C. Trotter. New Guinea, 190. 

Boyal Institution of Great Britjun. Proceedings. Yol. x. Part 2. 
No. 76. 1883. 

W. 0, Williamson. On some Anomalous Oolitic and Palseozoic Forms 
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of Vegetation, 220. — ^A. Geikie. The Canons of the Far West, 268. — 
B. BfiJfour. llie Island of Socotra and its Recent Revelations, 21^. — 
W, H. Flower. On Whales, Past and Present, and their probable 
Origin, 360. 

Royal Microscopical Society. Journal. Ser. 2. Yol. iii. Parts 
4-6. 1883. 

. . . Yol. iv. Parts 1-3. 1884. 

J. Deby. On the Mineral Oyprusite, 186. 

Royal Society. Philosophical Transactions. Yol. clxxiii. Part 4. 
1883. 


. . Yol. clxxiv. Part 1. 1883. 

T. G. Bonney. On a Collection of Rock Specimens from the Island 
of Socotra, 273. 

. Proceedings. Yol. xxxv. Nos. 225-227. 1883. 

W. Flight. Examination of the Meteorite which fell on the 16th 
Februarj^, 1883, at Alfianello, in the District of Verolannova, in the 
Province of Brescia, Italy, 258. 

. . Yol. xxxvi. Nos. 228-230. 1883. 

R. Owen. Evidence of a large Extinct (Marsupial ?) Genus, Sccjmr^ 
nodorif Ramsay, 3. — R. Owen. E-vidence of a large* Extinct Monotreme 
{Echidna Ramsayi, Ow.) from the IVellington l>r(*c(‘ia Cave, New South 
Wales, 4. — G, H. Darwin. On the Formation of Ripple-marks in Sand, 
18. — R. Owen. Description of Parts of a Human Skeleton from a l^lei- 
stocene (Palaeolithic) ifed, Tilbur}', Essex, 136. — F. C. P. Voreker. Ex- 
tracts from a Report on the Volcanic Eruption in Sunda Strait, 198. — 
H. G. Kennedy. Extracts relating to the I’olcanic Outbursts in the 
Sunda Strait, from the Logbook of the Steam-shij) ^Governor-General 
Loudon,’ 199. — R. Owen. Evidence of a lai’ge Extinct Inzard {Notion 
saurm dentatusj Ow.) from I’leistoceno Deposits, New' South Wal(‘s, 
Australia, 221. — T. G. Boim(*y. Notes on the Microscopic Structui’e of 
some Rocks from the Andes of Ecuador, collected by E. Whymper, 241. 

Rugby School Natural History Society. Report for the year 1882. 
1883. 

A. S. T. Griffith-Boscaw'en. Tlie Geology of Denbighshire and Flint- 
shire, 13. 

. Report for the year 1883. 1884. 

H. P. Greg. On Belemnites, 31. 

St. Johns, N. B. Natural-History Society of New Brunswick. Bul- 
letin. No. 3. 1884. 

. . Annual Report. 1881. 

St. Petersburg. Academie Imperiale des Sciences. Bulletin. 
Tome xxviii. No. 4. 1883. 

J. Schmalhausen. Pflanzenpalaontologische Beitriige, 426. 


— ■. . Tome xxix. Nos. 1 & 2. 1884. 

E. C. yon Mercklin. Ueber eiu verkieseltes Cupressineen-Holz aus der 
Tertiteeit, aus dem jjasan’sehen Gouvemement, 243. — N. v. Kokschar 
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row. Notiz uber den Wollastonit aus der Kirrisen-Steppe, 288.— N. v. 
Kokscharow. Ueber die Entdeckung des Tiirkis (Kalait; in Russland, 
852. — ^M. Rykatcbew. Sur les ondes atmospb^riques produites par 
r^ruption de Krakatoa, 389. 

St. Petersburg. Academie Imperiale des Sciences. Memoires. 
Serie 7. Tome xxxi. Nos. 1-14. 1883. 

F. Scbmidt. Miscellanea Silurica III. : I. Nachtrag zur Mono^pbie 
der russiscben siluriscben Leperditien ; II. Die Crustaceenfauna der Eu- 
lypterenscbicbten von Rootzikiill auf Oesel, No. 5. — W. Kiprijanow. 
Studien iiber die fossilen Reptilien Russlands, Nos. 6 & 7. — Scbmal- 
bausen. Die Pflanzenreste der Steinkoblenformation am ostlicben Ab- 
hange des Uralgebirges, No. 13. 

San Francisco. Californian Academy of Sciences. Bulletin. No. 1 
(1884). 1884. 

J. T. Evans. Colemanite, 57. 

Science Monthly. Yol. i. No. 3. 1884. 

Earthquakes, G5. — J. V. Elsden. The Extinct V^olcanoes of the British 
Isles, 70. 

Shanghai. China Branch of the Iloyal Asiatic Society. Report of 
the Council for the year 1882. Journal. N. S. Vol. xvii. 
Part 2. 1884. 

Society of Arts. Journal. Yol. xxxi. Nos. 1500-1617. 1883. 

. . Yol. xxxii. Nos. 1018-1648. 1883-84. 

Society of Biblical Archa>ologv. Proceedings. Yol. v. (1882-83). 
1883. 

Stockholm. Gcologiska Fdrening. Forhandlingar. Band i. 
1872-74. 

-. Band ii. 1874-75. 

-. Band iii. 1870-77. 

Bandiv. 1878-70. 

-. Band v. 1880-81. 

-. Generalregcstcr till Band i.-v. 1872-81. 

-. Band vi. Hafte 1-14. 1882-83. 

J. C. Moberg. Studier ofver den sveuska kritforraationen : I, KSseberga- 
Eriksberg, 3. — A. Sjogren. Om dianiantfalten i Syd-Africa, 10. — A. G. 
Nathorst. Om det inbordes SldersflirhSllandet meUan zonema med Olenel^ 
lu8 Kjerulfi och Paradoxides olaridicus, 27. — B. Lundgren. Anmarkningar 
om ett tertiart block pS Bornholm, 3»1. — E. Svedmnrk. Den andra inter- 
nationella geologiska Kongresstm i Bologna 1881, 34. — K. Sonden. Analys 
af petalit frSn Utd, 39. — G. de Geer. Om ett manganmineral i Upsafa- 
Ssen, 42. — A. E. Tdmebohm. Ett exempel pS gSngar och forkastniugar 
i en rullstensSs, 44. — G. Nordenstrom. Fynd af gediget guld i Falu 
gi’ufva, 69.— A. Sjogren. En fiir Sverige ovanlig kopparmalmsfyndighet, 
09. — F. Svenonius. En fisbildning vid Ilornavans sydbstra anda, 76. — 
H. Sjogren. Kristallogi-afiska studier, 85, 660. — H. Sjogren. Om de till 
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cliODdroditgruppen hdrande mineralens kemiska sammansattning, 

B. Lundgren. NSgra ord om de pS den andra internationella geologiska. 
terminologien, 121. — W. C. Brogger. Paradoxides dlandictis nivSet ved 
Ringsaker i Norge, 143. — G. de Geer. Oni en postglacial landsankning i 
sddra och mellersta Sverige, 149. — ^II. Gylling. NSgi’a ord om Riitil ocli 
Zirkon med sarskild lianayn till deras sammanvaxning mod glimmer, 102. 
— A. E. Tomebolim. Mikroskopiska bergarts-studier, 185, 240, 542.’*— 
F. Svenonius. Bronsit frSii Frostvikens socken i Jiimtland, 204. — b. 
Svenonius. Notis om iiraupecberts frSn Digelskiir, 207. — S. A. Tullberg. 

Forelopande redogorelse for geologiska resor pi? Olaiid, 220. B. Lundgren. 

Om fdrballandet mellan lagret med Nihsonia pohpnorphn ocli dt^t mod 
Mytilus Hofftnannij 2.30. — A. E. Tdrnebobm. Om \"emdalsqvart8iten ocli 
dfriga qvartsitiska bildniugar i Sveriges sydliga fjalltrakter, 274. — C. 
Kurck. Niigra nya graptoli tarter fran Skam‘, 294. — A. G. Natliorst. 
Om fdrekomsten af Sphenoihallm i silimsk skiflTtir i Vestergotland, 315. — 
L. J. Igelstrdm. Bidrag till Mgan om malmernas af Tabergs-t\q>en 
geognosi, 319. — E. Svedmark. Om ogongneis fran ^^alebriitcm i Ostad 
socken, S. a Elfsborgs liin, 322.-- Jk Santesson. ivaoliiifyndiglKdon vid 
Ilultebo i Skinnskattebergs socken, 325. — A. W. Croiapiist. Undersiik- 
ning af elfva eldfosta leror frfui Byssland, 32>1. — F. Svenonius. Om 
olivinstens- ocli serpentin-fdrekomster i Norrland, .342. — A. Sj(’>gr(m. Mi- 
kropkopiaka studier, 370. — A. E. Tiirnebohm. Om dtui s. k. fonoliten ’’ 
frSn Elfdalcu, doss klyflort och fdrckoiiistaiitt, .3S.3. — A. G. Natliorst. 
Nya fynd af fossila vaxter i delen af Stabbarjis kolgrufva, 405. -F. Eich- 
stiidt. Om basalttuffen vid Djupndal i SkSne. 408. — A. Lindstruin. Om 
fdrekomsten af kaolin-blandad lera i norra Skiine, 41(>. — II. Sjdgren. Om 
de norska apatitfdrekoiiisterna och om sannolikheitm alt antriilVa apatit i 
Sverige, 447. — M. Weibull. Niigra ^langanmineral f]*{in Vester-Silfberget 
i Balarne, 499. — O. Gumadius. Samling af underrattelsfu* om jordstdtar 
i Sverige, 509. — A. G. Nathorst. Niigra ord om Dalformationen, 523. — 
A. Sjdgren. Mineralogiska notiser,' 531 .--G. Lind>tr(5m. Analys af 
canci’init frSn Siksjdberget i Sariia, 549. — F. Eielistiidt. Erratiaka basalt- 
block ur N. Tvskland ocdi Danmarks diluvium, 557. — Ik Svedmark. 
IVIiln’Oskopisk imdersdkning af de vid Djupadal i Skilmi fiirekommandt^ 
basal tbergarterna, 574. — A. Ik Tdrnebohm. (’)fv(*rl)liek dfv(‘r Mellmsta 
Sveriges urformation, 582. — A. AV. (honquist. Fossilt kol (kolm ) frSn 
Rann, G08. — B. Lundgren. Studier (ifver lossilf iraiide h’isa block', 015. — 
A. E. Tdrneboliin. Om l>alformati<»nens geologiska lilder, 022.— G. 
Lindstrdm. I^ndersijkuing af Ganomalit Mii .Jakobsberg, (H;2.— S. J^. 
Tdrnqvist. Nagra koniparutivt-geologiska anteckniiqrar frltii en resa i 
A^estergotlands .siluromrade .^ommaren 188.*], 081.-- A. Ik dk’lrnebohm. 
Mikroskopisk undersiilvning af nagjTi b(‘i’gart>prof fj’iin Grunland, insam- 
lade af Dr. N. 0. Holst, 092.^ — F. Eicli.stiidt. Om nralitdiabas, i*n fdljes- 
lagare till gangformigt upptriidande smSbindska kvartsporfyrei-, 7(M).— 
11. Sjijp’en. Om skaudinaviska block och dilin iala bildniugar p8 Helgo- 
land, 710. — W. 0. Brdg-ger. Om uranbegerts oidi Aonotim fra norske 
fdrekomster, 744. — E. Erdmann. Uppgifter cm jordskalf i Sverige Sren 
1840-1869, 752.— F. Eichstadt. A'tterligare om basalt-tufleu vid Dju- 
padal i SkSne, 774. — .1. H. L. Vogt. Et par bemserkninger om de norske 
apatitfdrekomster, 783. 

Stockholm. Geologiska Fdrening. Fdrhandlingar. Band vii. 
Hiifte 1-4. 1884. 

h Ig®l®trdm. Koncentriskt strSlig apophyllit frSn Nordniarks jem- 
gmfvor 1 Verinland, 4. — F. Svenonius. Studier vid svenska jdklar,*2. — 
C. W. Blomstrand. Om ett uranmineral frSn trakten af Moss samt om 
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de nativa uranaterna i allmanliet» 59. — L. J. Igelstrom. Berzelit frSn 
Nordmarks grufvor i Vermland, ]01. — L. J. Igelstrom. Gedigen vismut 
och Scheelit frSn Nordmarks grufvor i Verniland, 106. — Gumeelius. 
Samling af underrattelser om jordstotar i Sverige, 107. — ^A. Sjogren. 
Mineralogiska notiser, 109, 177! — M. Stolpe. Om Siljanstrakten sand- 
stenar, 112. — A. E. Nordenakiold. Mineralogiska bidrag, 121. — H. Sjogren. 
Kristallografiaka studier, 124, 220. — TI. Sjogren. Underaokning af en 
opal frfin trakten af Nagasaki i Japan, 130. — N. 0. Holst ochF. Eichstadt. 
luotdiorit frSn Slattmossa, Jareda socken, Kalmar Ian, 134. — T. Tho- 
roddsen. Vulkaneme paa Reykjanes i Island, 148. — H. Sjogren. Ytter- 
ligiire om apatitfrirekomstenia i Norge, 178. — F. Eiehstiidt. Anomit frSn 
Alno, 104. — F. Svenoniiis. Nya oUvinstensfiirekomster i Norrland, 201. 
— L. J. Igelstrom. Manganostibiit, Aimatolit ocli Aimafibrit, tre nya 
mineral frSn Mossgriifvan i Nordmarken, 2 JO. — E. Svedmark. Basalt 
frSn Potoot och Hariin vid Wajgattel, Nordgronland, 212. 

Stuttgart. Neues Jahrbueh fiir Mincralogie, Geologie und Palaou- 
tologie, 1883. Band i. Ilefte 1-3. 1883. 

W. Deecke. Ueber einige neiie Siphonecn, 1. — C. Rammelsberg. 
Ueber die chemisclie Natur do.s Amblygonits, 15. — W. Voigt. Ueber 
den gegenwartigen Stand der theoretisehen Krvstalloptik, 21. — P. Miigge. 
Beitriige ziir Keimtniss der Structurflachen des Kallcspathes und iiber 
die Bozieliungen derseJlxm untereinander und zur Z\sillingsbildiing am 
Kalkspatli und einigen anderen ^lineralien, 32. — R. lliiusler. Die Astro- 
rhiziden und Lituoliden der Bimammatuszone, 55. — H. Boklen. Ueber 
den Amethyst, 02. — O. M(*y(‘r. .\etz ver.su die an Katopath, 74. — G. 
Steinmann. Syst(miatisclie Stellung der Phuretronen. 70. — II. Trautschold. 
Ueber die Stellung der Scliiditen mit Amalthens fidgcns, 70. — W. 0. 
Briigger. Die Mineralien der Pegmatitgange bei Moss, 80. — 0. Miigge. 
Structurflachen am Kalkspatli, 8l. — M. Bauer. Krwiderung, 85. — A. 
Sehrauf. Zur Abwelir, SO. — C. Klein. Mineralogische Mittheilungen, 
87. — K. Pettersen, Viilkani.sche Phiinomene aiif Jan Mayen, 1G4. — 
A. Ben-Saude. Uebrr doppelthrechende Steinsalzkrystalle, 165. — F. 
Scdialch. Ueber melilithfiihrende Ba.salte des Erzgebirges, 168. — E. 
Ilaug. Ueber sogenaniite aus iiK'sozoischen Ablagerungen, 171. 

— U. Klein und P. Jaiinasch. Ueber Antimonniekelglauz (Ullmannit), 
180. — J. S. Diller. Auatas als Uiuwandluug.sprodiikt von Titanit im 
Biotitampliibolgranit der Troas, 187. — F. Sandberger. Ueber Mineralien 
aus dem Schwarzvrald, 104. — A. E. Tiiniebolim. Ueber eine Vorrichtung 
ail den Milcroskoptischen zur allgeiiieiii giiltigen Fixirung eine.s bestimmten 
Piinktes in einem Priiparat, 105. — II. Haas. Ueber Geschiebe von Pla- 
gioklas-Augit-Gesteinen iin liolsteiiiisclien Diluvium, 100. — 0. Miigge. 
Berichtung, 108. — E. Colien. I-eber einige Vogeseiigesteine, 190. — G. 
Linck. Kiinstlicbe vielfadie Zwillingsstreifung am Calcit, 203. — A. 
Stelzner. Melilitlifiihreuder Neplielinbasalt von Elberberg in Hessen, 
206. — A. Stelzner. Ueber eiu Glnukoplian-Epidot-Gestein aus der 
Schweiz, 208. — E. Cohen. Sammlung von Mikrophotographien zur 
Veranschaulichung der mikroskopischen Structur von Mineralien etc., 
211 . 


. . Bandii. Hcfte 1-3. 1883. 

A. Becker. Ueber die duiiklen Uinrandungeu der Homblenden und 
Biotite in den massigeu Gesteiiien, 1. — O. Miigge. Ueber Gleitflachen 
an Gvps, Antimonglanz, Wismuthglanz, Auripigment und Cyanit, 13. — 
M. Neumayr. Ueber einige Sii.sswasserconcbylien aus China, 21. — 
M. Neumayr. Ueber Brachialleisteii (“ niorenformige Eindriicke der 
Productiden, 27. — M. Neumayr. Ueber einige tertitire Siisswasser- 
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schnecken aus dem Orient, 37. — M. Neumayr. Her Bericht des Fran- 
cesco del Nero iiker die feldun^ des Monte Nuovo bei Neapel, 45. — 
J, Marcou. Mittheilungen iiber die Geologie Califomiens, 52. — G. Linck. 
Zwei neue Spongiengattungen, 59. — C. Ilasse. Paliiontologische Streif- 
ziige im British Museum, 63. — R. Hausler. Ueber die neue Forami- 
niferengattung Thurammino^ysisj 68. — T. Czemyschew. Einige Bemer- 
kungen iiber die silurischen und devonisclien Ablageningen im sudlichen 
Ural, 73. — H. Fischer. Mikroskopischo Untersuchung verschiedener 
Nephritproben aus den Pfahlbauten von Maurach bei Ueberlingen a. 
Bodensee, 80. — A. Schrauf. Hornblende von Jan Mayen, 82. — E. I)athe. 
Ueber Serpentine des sachsischen Graniilitgebietes, 89. — H. Fischer. 
Ueber Jadeit aus Ostasien,- 92. — F. ^andberg^er. Ueber Lithion-Eisen- 
glimmcr und ihre Beziehungen zu Zinnerz-Giingen. Ueber Plagionit 
von Armsberg in Westphalen, 92. — P. Choffat. Ueber die Stellung des 

Terrain a Chailles,” 95. — L. van Werveke. Eigenthiimliche Zwillings- 
bildung an Felspath und Diall^e, 97. — R. Brauns. Ueber die Ursache 
der anoraalen Boppelbrechung einiger regular krystallisirender Salze, 102. 
— O. Luedeck(i. Beobachtungen an Harzer Mineralien, 112. — A. Weis- 
bach. Mincralogischc Notizen, 119. — P. .Tannasch. I)ie AufBndung des 
Fluors in deni Vesuvian von Vesuv, 123. — G. H. F. Ulrich. Ueber die 
Goldvorkommnisse in Neuseeland, 136. — M. Schlosser. Ueber die Extre- 
mitiiten des Anoplotherium^ 1 42. — M. Schlosser. Uebersicht der bekannten 
Anoplothericn und Diplobunen nebst Erliiuterung der Beziehungen 
zwischcn Anoplotheriuni und andertm Saugethierfamilien, 153. — M. 
Schloss(‘r. Ueber Chalicotherium-AriQViy 164. — A. v. Konen. Ueber 
das Oberdevon der Gegend von Montpellier, 170. — A. Kenngott. Berech- 
nung von Analysen finnlandischer Augite und Amphibole, 171. — J. A. 
Krenncr. Ueber Jadeit, 173. -A. Kenngott. Ueber Humitanalysen, 174. 
— F. Sandberger. Ueber einige neue Funde im Mittel- und Oberdevon 
der Lahngegend, 176. — H. Reusch. Mikroskopische Studien an norwe- 
rischen Gesteiuen, 178. — F. Sandberger. Ueber eine Lossfauna vom 
Zollhaus bei Hahnstetteii unweit Diez, 182. — A. Cathrein. Petrogra- 
phische Notizen aus den Alpen, 183. — O. Miiggc. Petrographische 
Untersuchungen an Gesteinen von den Azoren, 189. — H. Trautschold. 
Zweite Notiz iiber die Stellung des Grunsandes mit Am. fulgem, 245. — 
K. Pettersen. Sagvandit, eine neue enstatitfuhrende Gebirgsart, 247. — 
S. Nikitin. Ueber die Stellung der Wolgaer Stufe des Moskauer J ura, 
247. — E. Cohen. Sammlung von Mikrophotogi’aphien zur Veranschau- 
licliung der miki’oskopischen Stnictur, &c., 250. — H. Haas. Nachtriige 
zu den Brachiopoden des reichsliindischen Jura, 253. — H. Haas. Ueber 
das Vorkommen einer achten Liothyris (Douville) im alpinen Lias, 254. 
— G. Steinmann. Reisenotizen aus Patagonien, 2fe. — 0, Miigge. Ueber 
kiinstliche Zwillungsbildung am Anhydrit, 258. 

Stuttgart. Ncues Jahrbuch fiir Mineral ogie, Geologic und Palaon- 
tologie, 1884. Band i. Hefte 1 & 2. 1884. 

M. Websky. Ueber Jereinejewit und Eichwaldit vom Berge Soktuj 
in Daurien, 1. — C. Bolter und E. Ilussak. Ueber die Einwirkung 
geschmolzener Magmen auf verschiedene Mineralien, 18. — ^A, Osann. 
Ueber einige basaltische Gesteine der Faroer, 45. — O. Miigge. Beitrage 
zur Kenntniss der Ooh^ionsverhiiltnisse einiger Mineralien, 50. — O, 
Miigge. Ueber Schlaghguren und kiinstliche Zwillingsbildung am Lead- 
hillit und die Himorphie dieser Substanz, 63. — F. Sandberger. Spathio- 
nyrit identisch mit Safflorit Breith.^ 69. — E. Cohen. Ueber Jadeit von 
Thibet, 71. — F. Sandberger. LanisUs fossil in Tertiar-Schichton bei 
Troja, 73. — M. Neumayr. Die Intertrappean Beds im Dekan und die 
Laramiegruppe im westlichen Nordamerika, 74. — ^F. Sandberger. Neue 



ADDITIONS TO TKE LIBDARY. 


II9 

Beobachtungen im Ries ; geolop^sches Alter des Siisswasserkalks und der 
Eruptiv-Gesteine desselben, Pitticit-Vorkommen am Spitzberg und 
Wenneberg, 76. — H. H. Reuscb. Vulkaniacbe Asche von den letzten 
Ausbriicben in der Sundastrasse, 78. — E. v. Mojsisovics. Randglossen 
zum Funde des ersten deutschen Keuper-Ammoniten,78. — E.W. Benecke. 
Geologische Karte des Grigna-Gebirges, 81. — P. Lohmann. Neue Bei- 
trage zur Kenntniss des Eklogits, vom mikroskopisch-mineralogiscben und 
arcnaologiscben Standpunkte, 83. — T. IGerulf. Die Dislocationen im 
Christianiathal^ 116. — C. Dolter und E. Iiussak. SjTithetisclie Studien, 
158. — J. M. Clarke. Ueber deutsche oberdevoniscbe Crustaceen, 178. — 
A. Kenngott. Ueber Euklas, Topas, Diamant und Pyrrhotin aua Bra- 
silien, 187. — A. Merian. Beobaclitungen am Tridymit, 193. — IL Rosen- 
busch. Ueber den Sagvandit, 195. — A. von Konen. Reiaenotizen aus 
Chile, 198. — O. MUgge. Nachsclirift zum Leadhillit, 204. — C. 0. Trech- 
mann. Rutil aus aem Dolomit des Binnenthals im AV'allis, 204. — C. E. 
Weiss. Ueber den Fruchtstand Pothocites grantoni, 205. 

Stuttgart. Neues Jahrbuch fiir Minoralogie, Geologio und Palaon- 
tologic, 1884. Beilage-Band ii. HcRe 2 & 3. 1883. 

A. von Konen. Die Gastropoda holostomata und tectibranchiata, 
Cephalopoda und Pteropoda des Norddeutschen Miocan, 223. — A. Stelz- 
ner. Ueber Melilith und Melilithbasalte, 369. — U. Stiitz. Geologische 
Beschreibung der Axcnstrasse, 440. — T. Fuchs. Welcho Ablagerungen 
haben wir als Tiefseebildungen zu betrachten ?, 487. — G. IL Williams. 
Die Eruptivgesteine der Gegend von Try berg im Schwarzwald, 585. 

. Ycrein fiir vaterliindische Katurkunde in Wurttemberg. 

Jahreshefte. Jahrgang 24. 1884. 

0. Fraas. Beobaclitungen an den vulkanischen AuswUrflingen im Ries, 
41. — A. Nies. Ueber das sogenannte Tigerauge imd den Saussurit, 52. — 
Leuze. Ueber das Vorkommen von Colestin, wasserklarem Schwerspath 
und Kalkspathzwilling uach oR in Wiirttemberg, 53. — J. Probst. Be- 
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. Kaiserliche Akademie der Wissenschaften. Anzeiger, 1883. 

Nos. 14-28. 1883. 
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nacbste Umgebung von GoUing, 200. — O. lleer. Todesanzeige, 207. — 
F. Sandberger. Die Kircbberger Scbicbten in Oesterreich, 208. — G. 
Stache. Aus dem Westabschnitt der karnisclien llauptlvette, 210. — V. 
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— G. Stacbe. Elemente zur Gliederung der Silurbildungen der Alpen, 25. 
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Baron v. Foullon. Ueber Antimonit von Ozerweiiitza, 142. — II. Baron 
V. Foullon. Ueber Zinnerze und gediegeiieii Wisniuth, 144. — IJ. Baron 
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Verlauf der Geoisothermen unter Bergen, 1 01.— U M. Ihtul. Geologische 
Karte der Gegend zwischen Tarnow und Krynica in Galizieu, 1(>4. — II. 
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Vol. XV. (1882). 1883. 

S. H. Cox. Notes on the Mineralogy of New Zealand, 361. — S. H. 
Cox. On a new Mineral belonging to the Serpentine Group, 409. — F. 
W. Hutton. Description of some new Tertiary Slu^lls from Wanganui, 
410. — F. W. Hutton. Note on the Silt Deposit at L}i:telton, 411. — W. 
S. Hamilton. On the Formation of the Quartz Pebbles of the South- 
land Plains, 414. — A. Pond. On the Occurrence of Platinum in 
Qujirtz Lodes at the Thames Gold-fields, 419. — F. B. Hutchinson. Ha- 
waii-nei and the Hawaiians, 467. 

Wiesbaden. Nassauischo Verein fiir Naturkunde. Jahrbiicher. 
Jahrgang 36. 1 883. 

C. Koch. Gutachten iiber das Thermalquellongebiet von Fins, 20. — 
0. Koch. Die (lebirgsformationen bei Bad Ems nebst den Thermal- 
queUen und Erzgangen daselbst, 32. 

York. Yorkshire Philosophical Society. Annual lieport, 1883. 
1884. 

Zoolo^cal Society. Catalogue of the Library. Supplement. Addi- 
tions, to August 30, 1883. (8vo.) 1883. 

. List of the Vertebrated Animals now or lately living in the 

Gardens of the Zoological Society of London. Eighth Edition. 
(8vo.) 1883. 

. Proceedings, 1 882. Part 4. 1883. 

H. Owen. On the Sternum of Notornis and on Sternal Characters, 689. 

. , 1883. Parts 1-3. 1883. 

. , 1884. Part 1. 1884. 

. Deport of the Council for the year 1883. 1884. 

. Transactions. Vol. xi. Parts 8 & 9. 1883. 

R. Owen. On Binornisy 233, 257. 
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Achepohl, L. Das niederrheiniscli-westfalisclie Steinkohlengebirge. 
Atlas der fossilen Pauna und Flora. Lief. 9. Fol. Essen, 1883. 
Purchased. 

Albrecht, P. Das os intermedium tarsi. 8vo. Leipzig, 1883. 

. Epiphyses osseuses sur les ai)ophyse8 epineuses des verte- 

bresd’un reptile Gray). 8vo. Brussels, 1883. 

. Sur la fente maxillaire double sous-muqueuse et les 4 os 

intormaxillaires de rOniithorynque adulte normal. 8vo. Brussels, 
1883. 

. Sur la valeur morphologique de I’articulation mandibulaire, 

du cartilage de Meckel et des ossclets de Fouie avec essai de 
prouvor que Feoaille du temporal des mammiferes est composee 
primitivement d’un squamosal ot d’un quadratum. 8vo. Brussels, 
1883. 

. Sur le crane remarquable d^une idiote de 21 ans. 8vo. 

Brussels, 1883. 

. Sur les copuiic intcrcostoi'dales et les hemistemoi’des du 

sacrum des mammiferes. 8vo. Brussels, 1883. 

. Sur les 4 os intermaxillaires, le bec-de-lievre et la valeur 

morphologique des dents incisives superieures de ITiomme. 8yo 
Brussels, 1883. 

. Sur la fossette vermienne du crane de mammiferes. 8vo. 

Brussels, 1884. 

Alsace-Lorraine. Geologische Specialkarte von Elsass-Lothringen. 
Abhandlungen. Band iii. Heft 1. 8vo. Strassburg, 1884. 

. . . Band iv. Heft 1. 8vo, Strassburg, 1884. 

Purchased. 

Anon. Beview of Hayden’s 12th Annual Report of the U.S. Geo- 
graphical and Geological Survey of the Territories of Wyoming 
and Idaho. 8vo. — n. d. ? 1883. 

Baker, J. L. An Essay on the Farming of Northamptonshire. 8vo. 
London, 1852. Presented by W. H, Dalton.^ Esq., F.G.S. 

Balfour, J . H. Introduction to the Study of Palseontological Botany. 
8 VO. Edinburgh, 1872. Purchased. 

Barrois, C. Notes sur les recherchos de Dr. J. Lehmann dans la 
region granulitique de la Saxe. 8vo. Lille, 1883. 
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Barrois, 0. Recherohes sur les terrains anciens des Asturies et de la 
Galice. 8vo. Paris, 1883. 

. Bur les faunes siluriennes de la Haute-Garonne. 8vo. 

lille, 1883. 

. Mdmoire sur los Dictyospongidse des Psammites du Condroz. 

8vo. Lille, 1884. 

. Memoire sur les gres mctamorphiques du massif granitique 

du Guemene (Morbihan). 8vo. Lille, 1884. 

. Memoire sur les schistes mctamorphiques de Tlsle de Groix 

(Morbihan). 8vo. Lille, 1884. 

. Observations sur la constitution geologique de la Bretagne. 

8vo. LiUe, 1884. 

Bauer, Gedachtnissredo auf Otto Hesse. 4to. Munich, 1882 ? 

Beebe, L. H\ The Dense Water of the Ocean ; its Rivers and 
Currents. 8vo. Philadelphia, 1884. 

Beilhy, J* W. Eureka, an Elucidation of Mysteries in J^ature — the 
Problems of Science. 8vo. Melbourne, 1883. 

Belgium. Service de la Carte yeoloffique du royaume, Musee 
Royal d’Histoire ^N'aturelle. Explication de la feuille de Bruxelles, 
par A. Rutot et E. Yau den Broeck. 8vo. Brussels, 1883. 

. . . Exxdication de la feuille de Natoyo, par E. 

Dupont, M. Mourlon et J. C. Purvcs. 8vo. Brussels, 1883. 

. . . Explication de la feuille do Clavier, par E. 

Dupont, M. Mourlon et J. C. Purves. 8vo. Brussels, 1883. 

. . . Ex^jli cation de la feuille de Bilsen par E. 

Van den Broeck et par A. Rutot. 8vo. Brussels, 1883. 

. . . Explication de la feuille de Dinant, par E. 

Dupont et M. Mourlon. 8vo. Brussels, 1883. 

Beneden, P, J. van. IS^ote sur les ossoments de 8x)harge8 trouves 
dans la terre a brique du Pays de Waas. 8vo. Brussels, 1883. 

Bianconi, J. J. Sur Tancien exhaussement du bassin do la Medi- 
tcrranw). 8vo. Paris, 18G5. Presented by H. B. Woodward, 
Esq,, P.G.S. 

Biedermann, W. G. Petrefacten aus dcr llmgegend von Winter- 
thur. Heft iv. 4to. Winterthur, 1873. Purchased, 

Bonney, T, G, On a Collection of Rock Specimens from the Island 
of Socotra. 4to. London, 1883. 

— . The Building of the Alps. 8vo. London, 1884. 

Bramall, H, The Mineral Resources of New Zealand. 8vo. Liver- 
pool, 1883. 

British Museum. Catalogue of the Fossil Sponges in the Geological 
Department (Natural History), with Descriptions of new and 
littie known Species, by G. J. Hinde. 4to. London, 1883. 
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Brodie^ P. B, On Fossil Arachnida, including Spiders and Scor- 
pions. 8vo. Warwick, 1882. 

Brdgger, W, C, Die silurisclien Etagen 2 und 3 im Kristianiagebiet 
und auf Eker. 8vo. Christiania, 1882. 

. . Purchased, 

Brusina, S. Die Neritodonta Dalmatiens und Slavoniens nebst 
allerlei malakologischen Bemerkungen. 8vo. Frankfurt am 
Main, 1884. Purchased, 

Bucharest. Biuroului Geologicu, Anuarulu, 1882-83. No. 1. 
8vo. 1883. 

Bunhury^ Sir Charles J, F, Botanical Fragments. 8vo. London, 
1883. 

California. State Mining Bureau. Second Deport of the State 
Mineralogist {II, G, Hanlcs), From December 1, 1880, to 
October 1, 1882. 8vo. Sacramento, 1882. 

. , Third Annual Deport of the State Mineralogist, for 

the year ending June 1883. 8vo. Sacramento, 1883. 

Canada. Geological Survey, Catalogue of Canadian Plants. Part 1. 
PolypetalsB, by John Macoun. 8vo. Montreal, 1883. 

. . Deport of Progress for 1880-81-82. 8vo. Montreal, 

1883. 

Cape of Good Hope. Ministerial Department of Crown Lands and 
Public Works. Depo’^t on the Coals of the Cape Colony, by 
A, B, Green, 4to. London, 1883. 

Capellini, G, Di un’ Orca fossile scoperta a Cetona in Toscana. 
4to. Bologna, 1883. 

. Socicta geologica Italiana. Adunanza estiva in Fabriano 

nel Settembre 1883. Discorsi pronunziati* nelle sedute di apcr- 
tura 0 di chiusura. 8vo. Dome, 1883. 

. II Chelonio Veronese {Protosphargis veromnsis, Cap.) sco- 

perto nel 1852, nel Cretaceo superiore presso Sant^ Anna di 
Alfaedo in Valpolicella. 4 to. Dome, 1884. 

II Cretaceo superiore o il gruppo di Priabona nelP Apennino 
Settentrionale o in particolare nel Bolognese, c loro rapporti col 
gres de Cellos in parte e con gli strati a Clavulimt Szaboi, 4to. 
Bologna, 1884. 

Carpenter, W, B, On an Abyssal Type of the Genus Orhitolites ; a 
Study in the Theory of Descent. 4to. London, 1883. 

Challenger. Deport ou the Scientific Desuits of the Voyage of 
H.M.S. ^Challenger’ during the years 1873-76. Zoology, vols. 
1-8; Narrative, vol. 2; Chemistry and Physics, vol. 1. 4to. 
London, 1880—84. Presented by the Lords of H,M, Treasury, 

Chaper, M, De la presence du diamant dans une pegmatite de 
rindoustan. 4to. Paris, 1884. 
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Cfhaper^ M. Note sur la region diamantif^re de TAfrique australe. 
8vo. Paris, 1880. 

daypohy E. W. The Migration of European Animals to America 
and of American Animis to Europe. 8vo. London. 

. Pre-glacial Formation of the Beds of the great American 

Lakes. 8vo. Montreal. 

. The Migration of Plants from Europe to America, with an 

attempt to explain certain Phenomena connected therewith. 8vo. 
London, 1879. 

. Geological Notes. 8vo. Philadelphia, 1882. 

. Note on a large Fish-plate from the Upper Chemung (?) 

beds of Northern Pennsylvania. 8vo. Philadelphia, 1883. 

. On the Kingsmill White Sandstone. 8vo. Philadelphia, 

1883. 

. The Perry County Fault. Note on an important Correction 

in the Geological Map of Pennsylvania. 8vo. Philadelphia, 
1883. 

Cohen, E. Saminlung von Mikrophotographien zur Veranschau- 
lichung der mikroskopischen Structur von Mineralien und Ge- 
steinen. Lief. 9u. lO(Schluss). 4to. Stuttgart, 1883. Purchased. 

Colquhoun, A. R, Across Chrysee ; being the Narrative of a Journey 
of Exploration through the South China Border Lands from 
Canton to Mandalay. 2 vols. 8vo. Loiidon, 1883. 3rd 
edition. 

Congres Gdologique Internationale. Compte Eondu de la 2me ses- 
sion, Bologne, 1881. 1882. Purchased. 

Cope, E. B. On the Characters of the Skull in the Hadrosauridae 
and on some Vertebrata from the Permian of Illinois. 8vo. 
Philadelphia, 1883. 

. On the Mutual Eelations of the Bunotherian Mammalia. 
8vo. Philadelphia, 1883. 

^ Paleontological Bulletin. No. 36. 8vo. Philadelphia, 
1883. 

— • • ^ 0 . 37. 8vo. Philadelphia, 1883. 

. The Evidence for Evolution in the History of the Extinct 
Mammalia. 8vo. Salem, 1883. 

. The Genus Phenacodus. 8vo. Salem, 1883. 

. The Structure and Appearance of a Laramie Dinosaurian. 
8vo. Salem, 1883. 

The Batrachia of the Permian Period of North America. 
8vo. Salem, 1884. 

Cotteauy G. Echinides nouveaux ou pen connues (ler article). 8vo. 
Paris, 1882. ^ J 
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Cotteau^ G. Echinodermes rcguliers. Terrain jurassique. Text 
Sheets 21-34. Plates 347-406. 8vo. Paris, 1882-83. 

, Mus^ departemental dTiistoire naturelle de la EocheUe, 

8vo. Paris, 1882. 

. Note Bur les Pseudodiadema du terrain jnrassiqne. 8vo. 

Paris, 1882. 

. Echinides jurassiques de PAlgerie. 4to. Paris, 1883. 

La geologie an Congres de la EocheUe en Septembre 1882. 
8vo. Auxerre, 1883. 

Cotteau^ 6r., A. Peron et Y. Gauthier. Echinides fossiles de PAlgerie. 
Ease. 1. Terrains jurassiques. 8vo. Paris, 1883. 

Credner^ H. Der Boden dcr Stadt Leipzig. 8vo. Leipzig, 1883. 
(2 sheets of sections.) 

, Elemente der Geologie. 5te Auflage. 8vo. Leipzig, 

1883. Purchased. 

Crosslcey^ H. TV. On a Section of Glacial Drift recently exposed in 
Icknield Street, Birmingham. 8vo. Birmingham, 1884. 

The Grooved Blocks and Boulder-clays of Eowley HiU. 
8vo. Birmingham, 1884. 

Daubree, A. Des terrains stratifies, consideres au point de vue de 
Porigine des substances qui les constituent et du tribut que leur 
ont apporte les parties internes du globe. 8vo. Paris, 1871. 
Presented by If. B. TVt xlward, Esq. 

Davies, D. C. The MetaUiferous Deposits of Flintshire and Den- 
bighshire. 8vo. London, 1883. 

Davis, J. W. Erratic Boulders in the Yalley of the Calder. 8vo. 
Leeds. 

. On the Discovery of Chipped Flints beneath the Peat on the 

Yorkshire Moors, near Halifax. 8vo. Leeds. 

. On a Bone-bed in the Lower Coal-measures, with an Enu- 
meration of the Fish -remains of which it is principaUy composed. 
8vo. London, 1876. 

Unconformability of the Permian Limestone to the Eed 
Eocks west of its escarpment in central Yorkshire. 8vo. Leeds, 
1877. 

. On the Occurrence of certain Fish-remains in the Coal- 

measures, and the Evidence they afford of Fresh-water Origin. 
8vo. Leeds, 1878. 

. The Ichthyography of the Northern Portion of the West 

Eiding Coalfield. 8vo. Barnsley, 1878. 

. Description of a new Species of Fossil Fish-spine, Ctena- 

canihus minor, from the Lower Coal-measures of Yorkshire, 8vo, 
London, 1879. 
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Davis, J. W. Notes on Plewtodus ajffinis, sp. ined., Agassiz, and 
Description of three Spines of Cestracionts from the Lower Coal- 
measures. 8vo. London, 1879. 

. On the Source of the Erratic Boulders in the Yalley of Kiver 

Qalder, Yorkshire. 8vo. Leeds, 1879. 

OstracacantJius dilatatus (gen. et spec, nov.), a Eossil Eish 
from the Coal-measures south of Halifax, Yorkshire. 8vo. 
Leeds, 1879. 

. On a Group of Erratic Boulders at Norber, near Clapham. 

8vo. Leeds, 1880. 

. On a new Species of GifracantJius, a Eossil Eish from tho 

Coal-measures. 8vo. London, 1880. 

. On the Distribution of. Eossil Eishcs in the Yorkshire Coal- 
fields. 8vo. Leeds, 1880. 

. On the Eish-remains found in the Canncl Coal in the Middle 

Coal-measures of the West Hiding of Yorkshire, with the Descrip- 
tions of some new Species. 8vo. London, 1880. 

. On the Genus PUiiracanilms, Agass., including the Genera 

Ortliacanthus^ Agass. and Goldf., Dqdodus, Agass., and Xena- 
canthus, Boyr. 8vo. London, 1880. 

. On the Source of the Eiratic Boulders in the Yalley of Bivcr 

Calder, Yorkshire. 8vo. Leeds, 1880. 

. On the Teleost/can Affinities of the Genus Pleuracanthus. 

Svo. London, 1880. 

. On Pal(Bospinacc prisms^ Egerton. Svo. London, 1881. 

. On the Eish Eauna of the Yorkshire Coalfield. 8vo. 

London, 1881. 

. On the Eish-remains of the Bone-bed at Aust, near Bristol. 

Svo. London, 1881. 

— On the Genera CtenojHf/chius, Agassiz ; Ctenopetalm, Agassiz ; 
and Harpacodus, Agassiz. 8vo- London, 1881. 

. Biographical Notice of an eminent Yorkshire Geologist, 

John Phillips. 8vo. Leeds, 1882. 

Notes on the Occurrence of Eossil Eish-remains in the Car- 
boniferous Limestone Series of Yorkshire. Svo. Leeds, 1882. 

. On some Sections exposed during the Eormation of the Line 

of Ptailway between Upton and Kirk Smeaton. Svo. Leeds, 
1882. 

. On the Eossil Eishes of the Carboniferous Limestone Series. 

4to. Dublin, 1883. 

Dawson, J, W. Lecture-Notes on Geology and Outline of the 
Geology of Canada, for the use of Students, with Eigures of cha- 
racteristic Eossils. 8vo. Montreal, 1880. 
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Dawson^ J, W. On the Cretaceous and Tertiary Floras of British 
Columbia and the North-west Territory. 4to. Montreal, 
1883 (?). 

Dictionary. The Encyclopsedic Dictionary. Vol. ii. pts. 1 & 2; 
vol. iii. pts. 1 & 2. 4to. London, 1882-84. Presented hy^ the 
Rev, li. Hunter y FM.8. 

Dollo, L, Note sur la presence du Oastornis Edwardsii, Lemoine, 
dans I’assise inforieure do Petage landenien a Mesvin, pres Mods. 
8vo. Brussels, 1883. 

. Note sur les restes de Dinosauriens rencontres dans le cr^ 

tace superiour do la Belgique. 8vo. Brussels, 1883. 

. Premiere note sur los Crocodilions de Bernissart. 8vo. 

Brussels, 1883. 

Troisieme et (juatriemc notes sur les Dinosauriens de Ber- 
nissart. 8vo. Brussels, 1883. 

Doyle^ P. Prospect of Artesian Borings in tho Bellary District. 
8vo. Madras, 1883. 

Duncan, P, M. Observations on the Madreporarian Family — the 
Fungidge, with especial reference to the Hard Structure. 8vo. 
London, 1883. 

. On tho Structure of the Hard Parts of the Fungidae. 

Part ii. Lophoseriuae. 8vo. London, 1883. 

On the Madreporarian Genus Phymastraa of Milne-Edwards 
and Jules Haime, with a Description of a new Species. 8vo. 
London, 1883. 

Presidential Address to the Eoyal Microscopical Society, 
1883. 8vo. London, 1883. 

Dunn, E, J, Report upon recent Coal-borings in the Camdeboo and 
Stormberg. 4to. Cape Town, 1883. 

Eder, J. M. The Chemical Effects of the Spectrum. Translated and 
edited by Captain W, de W, Abney, R.E., F.R.S, 8vo. London, 
1883. 

Elsden, J. V, The Agricultural Geology of Hertfordshire. 8vo. 
Watford, 1883. 

Encyclopaedia Britannica. 9th edition. Vols. i.-xvii. 4to. Edin- 
burgh, 1875-84. Purchased, 

Engel, T. Geognostischer Wegweiser durch Wiirttemberg. 8vo. 
Stuttgart, 1883. Purchased. 

Ettingsliausen, C, von. Beitriige zur Kenntniss dor Tertiarflora 
Australiens. 4to. Vienna, 1883. 

Fairman, E. St. J. Egyptian Affairs. 8vo. London, 1884. 

Favre, A. Sur Tancien lac de Soleure. 8vo. Geneva, 1883. 

Havre, E. Revue geologique suisse pour Tannee 1883. XIV. 8vo. 
Geneva, 1884. 
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Felix, J, Die Holzopale Ungams in palaophytologischer Hinsicht, 
8vo. Budapest, 1884. 

. Sammlung palaontologischer Abhandlungen. Serie 1, 

Heft 1. Die fossilen Holzer Westindiens. 4to. Cassel, 1883. 
Purchased. 

Fischnaler, K. Sterzing am Eisack. 12mo. Innsbruck, 1883. 

Fontannes, F. Les invcrtebros du bassin Tertiairo du sud-est de 
la France. 1. Les mollusques pliocenes de la vallcc du llhone 
et du Eoussillon. Ease. 9. 4to. Lyon, 1879. Purchased. 

Foord, A. H. Contributions to the Micro-Palacontology of tho 
Cambro-Silurian Hocks of Canada. 8vo. Ottawa, 1883. 

Forbes, G. See Eendu, L. 

Foster, C. Le Neve. Notes on Aberllefenny Slate Mine. 8vo. 
Penzance, 1882. 

' . Report upon the Inspection of Mines classed under the 

Metalliferous Mines Regulation Acts in the Counties of Anglesey, 
Brecon, Cardigan, Denbigh, Flint, Merioneth, Montgomery, 
Radnor, and Shropshire and in the Isle of Man, for the year 1882. 
4to. London, 1883. 

Foster, W. A Treatise on a Section of the Strata from Newcastle- 
upon-Tyne to Cross Fell. 3rd edition, by W. Nall. 8vo. New- 
castle-upon-Tyne, 1883. Presented hy H. Bauerman, Esq., F.O.S. 

France. Carte gcologique detaillee de la France. Notice expli- 
cative. Feuilles 14, 51 , 84, 108, 124, 185. Purchased. 

Frazer, P. Geological and Mineral Studies in Nuevo Leon and 
Coahuila, Mexico. 8vo. Philadelphia, 1884. 

Freiberg. Freiberg’s Berg- und Huttenwesen. 8vo. Freiberg, 
1883. Purchased. 

Friedlander, R. Bibliotheca Historico-Naturalis et Mathematica. 
8vo. Berlin, 1883. 

Fritsch, A. Fauna der Gaskohle und Kalksteine der Permforma- 
tion Bdhmens. Band i. Heft 4. 4to. Prag, 1884. 

Gardner, J. S. A Monograph of the British Eocene Flora. Yol. ii. 
Part 1. GymnospermsD. 4to. London, 1883. 

Geinitz, F. E. Die Fldtzformationen Mecklenburgs. 8vo. Gustrow, 
1883. Purchased. 

Geinitz, H, B. Joachim Barrande. 8vo. Dresden, 1883. 

. Nachtrage zu den Funden in den Phosphatlagern von Helm- 

stedt, Biiddenstedt u. a. 8vo. Dresden, 1883. 

. Ueber neue Funde in den Phosphatlagern von Helmstedt, 

Biiddenstedt und Schleweke. 8vo. Dresden, 1883. 

Goodchild, J, G. Contributions towards a List of the Minerals 
occurring in Cumberland and Westmoreland. Part 2. 8vo. 
Carlisle, 1883. 
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OoodchUd^ J, O. Professor Eobert Harkness, F.E.8., F.G.S. 8vo. 
Carlisle, 1883. 

Gosselet, J. Note sur I’arkose d’ICaybes et du Franc-Bois de Vil- 
lerzies. 8vo. Lille, 1883. 

Oottsche^ C, Die Sedimentar-Gescbiebe der Provinz Schleswig- 
Holstein. 8vo. Yokohama, 1883. 

Green, A. H. See Cape of Good Hope. 

Greenland. Meddelelser om Gronland. Hefbe 4-6, 8vo. Copen- 
hagen, 1883. Purchased. 

Groddeck, A. von. Abriss der Geognosie des Harzes. Zweite 
Auflage. 8 VO. Clausthal, 1883. Purchased. 

Grosven(yr Galloy Library. Catalogue of English Works in Circu- 
lating Library. 8vo. London, 1884. 

. Catalogue of Foreign Works in Circulating Library. 8vo. 

London, 1884. 

Guimaraens, A. de Souza. Ecmarks on a Paper “ On Fluid Cavities 
in Meteorites,” by H. Hensoldt. 8vo. London, 1883. 

Gumhel^ C. W. v. Beitriige zur Kenntniss der Texturverhalfcnisse 
der Mineralkohlen. 8vo. Munich, 1883. 

Gunn^ John. A Sketch of the Geology of Norfolk. 8vo. Sheffield, 
1883. 

Haast, J. von. Humanism and Eealism in their relations to Higher 
Education. 8vo. Dunedin, 1883. 

. The Progress of Geology. 8vo. Dunedin, 1883. 

Harrington, B. J. Life of Sir William E. Logan, Kt., LL.D., F.E.S., 
&c. 8 VO. Montreal, 1883. 

H'dusler, R. Notes sur les Foraminiferes de la zone k Ammonites 
transversarius du canton d’Argovie. 8vo. Lausanne, 1883. 

. tJeber die neue Foraminiferengattung Thuramminopsis. 

8 VO. Stuttgart, 1883. 

Hebert, E. Observations sur la position stratigraphique des couches 
h Terebratula janitor. Am. transitorius, etc., d'apres des travaux 
recents. 8vo. Paris, 1883. 

. Notions generales de Geologic. 8vo, Paris, 1884. 

Hector, James. Handbook of New Zealand. 3rd edition. 8vo. 
Wellington, 1883. 

. . . . . Presented by the Colonial 

Museum and Geological Survey Department. 

Heer, 0. Flora fossilis arctica. Band vii. 4to. Zurich, 1883. 
Purchased. 
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Hemnannsen, A. N. Indicia Genemm Malacozoornm Primordia. 
2 vols. and Supplement (in 2 vols.). 8vo. Cassel, 1846~52, 
Presented hy Prof. John Morris. F.G.S. 

Hicks H, On the District in North Wales to he visited during the 
long Excursion July 23-28, 1883. 8vo. London, 1883. 

. The Succession in the Archaean Docks of America compared 

■with that in the Pre-Cambrian Docks of Europe. 8vo. London, 
1883. 

— . On the Cambrian Conglomerates resting upon and in the 
vicinity of some Pre-Cambrian Docks (the so-called Intrusive 
Masses) in Anglose)^ and Caernarvonshire. 8vo. London, 1884. 

Ilochstetter, F. v. Das k. k. Hof-Mineralien cabinet in Wien. 8vo. 
Vienna, 1884. 

Hopkmson^ J. Deporhs of the Field Meetings of the Hertfordshire 
Natural History Society in 1882. 8vo. Hertford, 1883. 

Hoppe, 0. Die Dergw^erke, Aufberoitungswerkstiitten, Hiitten, 
sowde die technisch-wissenschaftlichen Anstalten, Wohlfahrrs- 
Einrichtungen pp. im Ober und Unter Harz. Nebst einem 
Anhang fiir geognostlsche Excursionen von Dr. v. Groddeck. 
8vo. Clausthal, 1883. Purchased. 

Homes, D. Elemente der Palacontologie (Palseozoologie). 8vo. 
I^ipzig, 1884. Purchased. 

Hughes^ T. McK. Deport of an Excursion of the Geologists’ Asso- 
ciation to Dangor, Snowdon, Holyhead, &c. on July 23-29. 8vo. 
London, 1883. 

Hunt, T. Sterry, The Geological History of Serpentines, including 
Studies of Pre-Cambrian Docks. 4to. Montreal, 1883. 

' . The Taconic Question in Geology. Part 1. 4to. Montreal 

. 1883. 

India. Geological Survey. Annual Deport for the year 1883. 8vo. 
Calcutta, 1884. 

. . Memoirs. Yol. xix. Parts 2-4. 1882-83. 

, . . Yol. XX. Parts 1 & 2. 1883. 

— . . Yol. xxii. 1883. 

• • . Palmontologia Indica. Series 10. Indian 

Tertiary and Post-Tertiary Yertebrata. By D. Lydekker. Yol. ii. 
Part 4. 1883. 

• • • • . . . . Part 6. 

4to. Calcutta, 1884. 

^ . . . Yol. iii. Part 1, 

4to. Calcutta, 1884. 

• • • . Ser. 12. The Fossil Flora of the 

Gondwana System. By 0. Feistmantel. Yol. iv. Part 1. 1882. 
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India. Oeologlcal Survey, Memoirs. Palseontologia Indica. 
Ser. 13. Salt-range Fossils. I. Productus-limestone Fossils; 
IV. Brachiopoda. By. W. Waagen. Fasc. 1. 1882. 

Fasc. 2. 1883. 

. . . . Ser. 14. Tertiary and Upper Cre- 
taceous Fossils of Western Sind. Vol. i. Part 3. Fasc. 3. By 
P. Martin Duncan and W. Percy Sladen. 4to. Calcutta, 1884. 

. . . . . Tertiary and Upper Creta- 
ceous Fauna of Western Sind. Vol. i. Part 4. The Fossil 
Echinoidea of Kachh and Kattywar. By P. M. Duncan and 
W. P. Sladen, with an Introduction by W. T, Blanford. 4to. 
Calcutta, 1883. 

, . Records. Vol. xvi. Parts 2-4. 1883. 

. . . Vol. xvii. Parts 1 & 2. 1884. 

Indiana. Department of Geology and Natural History. Twelfth 
Annual Report. (Johu Collett, State Geologist.) 1882. 8vo. 
Montreal, 1883. 

Irving., A. On the Bagshot Strata of the London Basin and their 
associated Gravels. 8vo. London, 1884. 

Jannettaz, E. Memoire sur les clivages des roches (schistositc, 
Longrain) et sur leur reproduction. 8vo. Paris, 1 884. 

Jeffreys, J. Gwyn. Notes on the Mollusca in the Great International 
Fisheries Exhibition, London, 1883, with the Descri2)tion of a 
new Species of Pleurotoma. 8vo. London, 1883. 

. On the Mollusca procured during the Cruise of H.M.S. 

‘ Triton ’ between the Hebrides and Faroes in 1882. 8vo. 
London, 1883. 

. On the Mollusca procured during the ‘ Lightning ’ and ‘ Por- . 

cupine ’ Expeditions, 1868-70. Part vi. 8vo. London, 1883. 

. On the Mollusca procured during the ^ Lightning ’ and ‘ Por- 
cupine ’ Expeditions, 1868-70. Part vii. 8vo. London, 1884. 

. List of Shells obtained from the “ Basement ” Clay at Brid- 
lington Quay. 8vo. London, 1884. 

Jentzsch, Alfred. Bericht ubor die geologischo Durchforschung 
des norddeutschen Flachlandes insbesondere Ost- und West- 
proussens in den Jahron 1878, 1879, 1880. 1 Theil. 4to. 

Kbnigsberg i. Pr. 1881. Purchased, 

Jervis, G. Progetto di Massima di lavori idraulici nazionali nel 
Veneto fatti a scongiurare la frequenta ricorrenza delle inondazioni 
disastrose del corso inferiore dell’ Adige e del Po. 8vo. Adria, 
Turin, 1884. 

Johnston-Lavis, H, J, Notices on the Earthquakes of Ischia of 
1881 and 1883, with a Map, 8vo, Naples, 1883. 
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Jones^ T, Jlupei*t, Notes on the Palaeozoic Bivalved Entomostraca. 
No, xvi. 8vo. London, 1883. 

Obituaiy Notice of the late G. W. Stow. 8vo. London, 1883. 

— Report of the Committee on the Fossil Phyllopoda of the 
Palaeozoic Rocks. 8vo. London, 1883. 

Review of ‘A Monograph of North-American Phyllopod 
Crustacea.’ By A. S. Packard, jun. 8vo. London, 1883. 

— , Review of M. F. Schmidt’s ‘ Miscellanea Silurica III.’ 8vo. 
London, 1883. 

. Some Geological Notes on the neighbourhood of Newbury, 
Berks. 8vo. London, 1884. 

Juhcs-Browne, A, J. The Student’s Handbook of Physical Geology. 
8vo. London, 1884. 

Julien, A. A, The Genesis of the Crystalline Iron-ores. 8vo. 
Philadelphia, 1882. 

. The Volcanic Tuffs of Challis, Idaho, and other Western 

Localities. 8vo. New York, 1882. 

. The Decay of the Building Stones of New-York City. 8vo. 

New York, 1883. 

The Dunyte-beds of North Carolina. 8vo. Boston, 1883. 
Kimball, J. P. Differential Sampling of Bituminous Coal-seams. 
8vo. Eaton, 1883? 

. The Quemahonig Coalfield of Somerset County, Pennsyl- 
vania. 8vo. Eaton, 1883. 

Kjerulf, T, Die Dislocation en im Christianiathal. 8vo. Stuttgart, 
1884. 

Klipslein, A, v, Bcitrage zur geologischen und topographischen 
Kenntniss der dstlichon Alpen. Band ii. Abth. 1. 4to. Giessen, 
1871. 

. . . Abth. 2. 4to. Giessen, 1875, 

. . Abth. 3. 4to. Giessen, 1 883. 

. — — . . . . . Purchased, 

Koch, J. A. Die Abgrenzung und Glicderung der Selvrcttagruppe. 
Svo. Vienna, 1884. Purchased, 

Kolcscharow, N, v, Materialien zur Mineralogie Russlands. Band ix. 
pp. 1-80. 1884. 

Kbnen, A. von. Beitrag zur Kenntniss dor Placodermcn dcs nord- 
deutschen Oberdevon’s. Svo. Gottingen, 1883. Purchased, 

KonineJe, L, G, de. Note sur le Sjnrifer mosquensis et sur ses 
affinites avec quelqiies autres especes du meme genre. Svo. 
Brussels, 1883. 

. Notice sur la distribution geologique des fossiles carboniferes 

de la Belgique. Svo. Brussels, 1883. 
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L'lpparent^ A. de. Note but lea rochea eruptives de Tile Jersey. 8vo. 
Paris, 1884. 

Larfcet, E. Notice siir la coUine de Sansan, suivie d’une recapitulation 
des di verses especes d^animaux vertebr^ fossiles, trouves soit i 
Sansan, soit dans d’autres gisements du terrain tertiaire miocene 
dans le bassin sous-Pyrenecn, avec une liste des coquilles ter- 
restres, lacustres et fluviatiles fossiles du meme terrain, 8vo. 
Auch, 1851. Presented hy Prof, L, Lartet, F,C\G,S. 

. . Purchased. 

Latzina, F. The Argentine Republic as a field for European Emi- 
gration. 8vo. Buenos Aires, 1883. 

Laube, G. C. Geologiscbe Excursionen im Thermalgebiet des nord- 
westlichen Bohmens : Teplitz, Carlsbad, Eger, Franzensbad, Ma- 
rienbad. 8vo. Leipzig, 1884. Purchased. 

Lehesconte, P. Qilavres posthumcs de Marie Rouault; Suivies de 
Les Cruziana et Rysophycus, counus sous le nom general de 
Bilobites, sont-ils des vegetaux on des traces d’aiiimaux? Fol. 
Paris, 1883. 

Lehour^ G. A, Brief Notes on the Geology of Corbridge, North- 
umberland. 8vo. 1884. 

. On a Great Fault at Annstead in North Northumberland. 

8vo. Newcastle-upon-Tyne, 1884. 

Lehmann, J. Unter?;;>*hiingeii iiber die Entstehung der altkrystal- 
liiiischen SchioftTgesteiiie. 4to. Bonn, 1884. Text and Plates. 
Purchased. 

Lemoine, V. Recherches sur les oiseaux fossiles des terrains tor- 
tiaires iiiferieurs des environs de Reims. 8vo. Reims, 1878. 

, . Dcuxiemo Partio. 8vo. Reims, 1881. 

— — . llecherehes sur les ossements fossiles des terrains tertiaires 
inferieurs des environs de Reims. 8vo. Paris, 1878. 

. Communication sur les ossements fossiles des terrains ter- 
tiaires inferieurs des environs de Reims. 8vo. Reims, 1880. 

. Etude sur le Neoplagiaidax de la fauno eoctme inferieure des 

environs de Reims. 8vo. Paris, 1883. 

. Sur I’encephale de VArctocyon Duellii et du Pleuraspklo-’ 

therium Aumonieri^ mammiferes de FEocene inferieur des environs 
do Reims. 8vo. Paris, 1882, 

. Sur deux Plagiaulax tertiaires, recueillis aux environs de 

Reims. 4to. Paris, 1882. 

. Note sur Fencephale du Gavial du Mont-Aime, etudie sur 

fcrois moulages naturels. 8vo. Paris, 1883. 
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Lenwine^ V. Sur VAdcvpisorex^ nouveau genre de maramifore do 
la faune cernaysienne dos environs de Reims. 4to. Paris, 
1883, 

. Etude sur les caracteres g^neriques du Simoedosaure, reptile 

nouveau de la faune cernaysienne des environs de Reims. 8vo, 
Reims, 1884. 

. Du Simoedosaure, reptile de la faune cernaysienne des 

environs de Reims. 4to. Paris, 1884. 

*■■■■■■ . Sur les os de la tete et sur les diverses especes du Simoedo- 
saure, reptile de la faune cernaysienne des environs de Reims. 
4to. Paris, 1884. 

Lewis, H. C, The Great Terminal Moraine across Pennsylvania. 
8 VO. Salem?, 1882. 

. A Summary of Progress in Mineralogy in 1883. 8vo. 

Philadelphia, 1884. 

Liebering, W. Roschreibung des Rcrgreviers Coblenz I. 8vo. 
Ronn, 1883. FurcJiased, 

Liotard, L. Memorandum on Silk in India. Part 1. 4to. Cal- 
cutta, 1883. 

Ludeclce, 0, Reobachtungen an Harzcr Mineralien. 8vo. Stutt- 
gart-, 1883. 

Lundqren, 11, Ora fdrhiillandet mellan lagn't med JSllssonia 
morplia, Schenk och det med Uytihis Jioffmanni, Nilss. 8vo. 
Stockholm, 1882. 

. Remeikungen iiber die von der schwedischen Expedition 

nach Spitzbergen 1882 gesammelteii Jura- und Trias-Fossilien. 
8vo. Stockholm, 1883. 

Studier dfver fossilfdrande Idsa block. 8vo. Stockholm, 

1883. 

LydeJcler, R. The Geolog}’ of the Ktishmir and Chamba Terri- 
tories and the Rritish District of Ehagau. ^Svo. Calcutta, 18S3. 

Macfudzean, J, The l*arallel Roads of Glenroy ; their Origin and 
Relation to the Glacial Period and Deluge. 8vo. Edinburgh, 
1883. 

Marcou, J, Note sur la geologie de la Californio. 8vo. Paris, 
1883. 

Marr, J . E, The Classification of the Cambrian and Silurian Rocks. 
8vo. Cambridge, 1883. 

Marsh, 0, C, Principal Characters of American Jurassic Dinosaurs. 
Part 8. 8vo. New Haven, 1884. 

Matthew, G. F, Illustrations of the Fauna of the St. John Group. 
4to. Montreal, 1882. 

Matthews, IF, Modem Geological Problems. 8vo. Birmingham. 
1883. 
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Mawer, W, How the Kiver Lud cut through Hubbard’s Hills. 
8vo. Louth, 1884. 

Merivale^ J. H, Some Notes, Formulse &c., arranged for Students 
attending the evening lectures on Mining at the Durham College 
of Science, Newcastle-on-Tyne. 8vo. Newcastle-upon-Tyne 
1883. 

Miles, W. H. Report of the Excursion to Leasowe. 8vo. Liver- 
pool, 1883. Presented hy H, B, Woodward^ Esq,, F,G.S, 

Mojsisovics, E. von, Randglossen zum Funde des ersten deutschen 
Keuper-Ammoniten. 8vo. Stuttgart, 1883. 

Molyneux, William, Obituary of. 8vo, London, 1883. 

Morris, John, The Chalk : its Distribution and Subdivisions. 8vo. 
London, 1884. 

Murray, A, Glaciation of Newfoundland. 4to. Montreal, 1882. 

Murray, J,, et A, F, Renard, Les caracteres microscopiques des 
cendres volcaniques et des poussieres cosmiques et leur role dans 
les sediments de mer profonde. 8vo. Brussels, 1884. 

, , Notice sur la classification, le mode de formation et 

la distribution geographique des sediments do mer profonde. 
8vo. Brussels, 1884. 

Neumayr, M. Projet pour la publication dun nomenclator palacon- 
tologicus. ' Traduit par M, J, Capellini, 8vo. Bologna, 1833. 

Neumayr, M, Ueber klimatische Zonen wiihrend der Jura- und 
Kreidezeit. 4to. '^^ienna, 1883. 

. Die ‘ Intertrappean Beds ’ im Dekan und die Laramiegruppe 

im westlichen Nordaraerika. 8vo. Stuttgait, 1884. 

. Triglyphus und Tritylodon. 8vo. Stuttgart, 1884. 

Ueber die Mundoffnung von Lytoceras immane, Oppel. 4to. 
Vienna, 1884. 

Newberry, J. S, On the Pliysictil Conditions under which Coal 
was formed. 8vo. New York, 1883. 

. The Origin of the Carbonaceous Matter in Bituminous 

Shales. 8vo. New York, 1883. 

New South Wales. Department of Mines, Annual Report for the 
year 1882. 4to. Sydney, 1883. 

Newton, E, T, On two Chimjeroid Jaws from the Lower Greensand 
of New Zealand. 8vo, London, 1876. 

. On the Remains of Hypsodon, Portheus, and Ichthyodectes 

from British Cretaceous Strata, with Descriptions of new Species. 
8vo, London, 1877. 

Description of a new Fish from the Lower Chalk of Dover. 
8vo. London, 1878. 

— . Remarks on Saurocephalus, and on Species referred to that 
Genus. 8vo. London, 1878. 
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NewtoUy jR T, Notes on a Crocodilian Jaw from the Corallian 
Books of Weymouth. 8to. London, 1878, 

• • Note on some Fossil Remains of Emys lutaria from the 

Norfolk Coast. 8vo. London, 1879. 

• On a new Method of preparing a Dissected Model of an 

Insect’s Brain from Microscopic Sections. 8vo. London, 1879. 

. On the Brain of the Cockroach (Blatta orientalis), 8vo. 

London ? 

. Notes on the Yertebrata of the Pre-glacial Forest Bed Series 

of the East of England. Parts i.-vi. 8vo. London, 1880-82. 

. Notes on the Mandible of an Ischyodm Townsendii, 8vo. 

London, 1881. 

. On Fishes’ Tails. 8vo. London, 1882. 

• On the Occurrence of Spermopliilus beneath the Glacial 

Till of Norfolk. 8vo. London, 1882. 

. On the Remains of a Red-throated Diver {Colymhui^ septenn 

Linn.) from the “Mundesley River Bed.” 8vo. London, 

1883. 


— — . On the Occurrence of the Cave Hycena in the “ Forest Bed ” 
at Corton Cliff, Suffolk. 8vo. London, 1883. 

, Note on Coryplwdon Remains from the Woolwich Beds of 
the Park Hill Section, Croydon. 8vo. London, 1884. 

. On the Occurrence of Antelope Remains in Newer Pliocene 
Beds in Britain, with the Description of a new Species (Gazella 
a'iiglica). 8vo. London, 1884. 

New York. Geological Survey. Palaeontology, Yol. v. Part 1, by 
James Hall. 4to. Albany, 1883, 


• • • • Part 2, James Hall, 

Plates. 4to. Albany, 1879. 


Text and 


New Zealand. Colonial Museum and Geological Purvey. 18fh 
Annual Report on the Colonial Museum and Laboratory, 1882- 
83. 8vo. Wellington, 1883. 


Survey. Reports of Geological Explorations 
during 1882. 8vo. Wellington, 1883. 

Nomegian North Atlantic Expedition. Den Norske Nordhavs 
Expedition. 1876-1878. X. Mcteorologi af H. Mohn. 4to. 

Metewolwjieul Institute, 


NoUi^, Alter der samliindiBchcn Tertiiirfonnation. 
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Ohio Geological Survey, Beporfc, Yol. iv. Zoology and Botany. 
Part 1. Zoology. 8vo. Columbus, 1882. 

Ormerod^ Q, W, Notice of the Head of an Iron Halberd found in 
an Excavation at Teign mouth, and of the place in which it was 
discovered. 8vo. Plymouth, 1883. 

Omen, R, Aspects of the Body in Vertebrates and Invertebrates. 
8vo. London, 1883. 

Paleontologie Eranfjaiso. Ire serie. Animaux invertdbres. Ter- 
rain jurassique. Livraison 62. Crinoides par P. de Loriol. 8vo. 
Paris, 1883. Purchased, 

— . . . . Livraison 63. Echinodermes re- 

guliers par G. Cotteau. 8vo. Paris, 1883. Purchased. 

. . . . Livraisons 65-69. Echinodermes 

reguliers par G. Cotteau. 8vo. Paris, 1883-84. Purcluised. 

. . . Terrain cretace. Livraison 30. Zoophytes 

par E. de Fromentel. 8vo. Paris, 1884. Purchased, 

. 2e serie. Vegetaux. Terrain lurassique. Livraisons 26- 

33. Coniferes ou Aciculariees par G. de Saporta. 8vo. Paris, 
1878-1884. Purchased, 

Penning, W, H, A Guide to the Gold Fields of South Africa, 
8vo. Pretoria, 1883. 

Pennsylvania. Geological Survey. Report of Progress of the 
Second Geological Survey. P. Atlas to the Cool Flora of Penn- 
sylvania and of the Carboniferous Formation throughout the 
United States, by Leo Lesquereux. 8vo. Harrisburg, 1879. 
Presented by Prof. John Morris, F,G.S. 

Pery, Gerardo Aiujnsto. Estatistica agricola do Districto de Beja. 
Parte 1. Concelho de Beja. 4to. Lisbon, 1883. 

Pilar, G. Flora fossilis Susedana. 4to. Zagrabia) (Agram). 1883. 
Purchased. 

Postlethmaite, J. Graptolites of the Skiddaw Slates. 8vo. Carlisle, 
1884. 

Pourtalcs, L. F. de. Illustrated Catalogue of the Museum of Com- 
parative Zoology at Harvard College. No. iv. Deep-sea Corals. 
4to. Cambridge, Mass., 1871. Presented by Prof, P, M, Duncan, 
F.R.S., V.P.G.S. 

Purves, J. G. Sur les depots fluvio-marins d’age senonien ou 
sables aacheniens de la province de Liege. 8vo. Brussels, 1883. 

Quenstedt, F. A. Die Ammoniten dcs schwiibischen Jura. Heft 2. 
Text, 8vo. Stuttgart, 1883. Atlas, 4to. 1883. Purchased, 

. . Heft 3. Text, 8vo. Atlas, fol. Stuttgart, 1884. 

Purchased, 

. Handbnoh der Petrefaktenkunde. 3e Auflage. Abth, 2 . 

8vo. Stuttgart, 1883. Purchased, 
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Quenstedt, F. A. Handbuch der Petrefaktenkunde. 3e Auflagc, 
Abth. 3. 8vo, Tubingen, 1884. Purchased, 

— . Petrefactenkimde Deutschlands. Abth. 1. Band vii. Heft 4. 
Gasteropoden, Heft 4, 8vo. Leipzig, 1883. Atlas, 4to. Pur- 
chased, 

Radlkofer, L. TJeber die Methoden in der botanischen Systematik, 
insbesondere die anatomische Methode, 4to. Munich, 1883. 
Presented by the Royal Academy of /Sciences, Munich, 

Raulin, V, Statistique geologique du dopartement de TYonne. 
8vo. Auxerre, 1858. 

Reade, T, Mellard. The Drift of the North-west of England. 
Part i. Shells of the Lancashire and Cheshire Low-level Boulder- 
clay and Sands. 8vo. London, 1874. 

. A Traverse of the Yorkshire Drift. 8vo. Liverpool, 1883. 

. The Drift Deposits of Cromer. 8vo. Liverpool, 1883. 

Rendu, L. Theory of the Glaciers of Savoy, translated by Alfred 
\V ills ; to which are added the original Memoir, and supplementary 
articles by P. G. Tait and John liuskin ; edited with introductory 
remarks by G. Forbes. 8vo. London, 1874. Purchased, 

Renevier, E, Etude geologique sur le nouveau projet do tunnel 
coude traversant le massif du Simplon. 8vo. Lausanne, 1883. 

. Le Musee geologique de Lausanne en 1882. 8vo. Lau- 
sanne, 1883. 

, F. A. Forel, A. Heim, E. Stockalper et D. CoUadon. Rap- 
port d^expertise sur les eaux thermales de Lavey. 8vo. Lau- 
sanne, 1883. 

Reusch, H. H. Die fossilienfiihrenden krystalliuischen Schiefer 
von Bergen in Norwegen. Autorisirte deutsche Ausgabe von R. 
Baldauf. 8vo. Leipzig, 1883. Purchased, 

Reusch, H, H, Silurfossiler og Pressede Konglomerater i Bergens- 
skilrene. 8vo. Christiania, 1882. 

Reyer, E. Aus Toskana. 8vo. Vienna, 1884. Purchased, 

Ricketts, C, On Accumulation and Denudation, and their Intiueiice 
in causing OseiRation of the Earth’s Crust. 8vo. Loudon, 
1883. 

Ricketts, L, D, The Ores of LeadviUo and their Modes of Occur- 
rence, as illustrated in the Morning- and Evening-Star Mines, 
with a chapter on the methods of their Extraction as practised 
at those Mines. 4to. Princeton, 1883. 

Riviere, E. Paleoethnologie ; Do Pantiquite do Phomme dans les 
Alpes maritimes. Livr. 9. 4to. Paris, 1883. Purchased. 

Rbmcr, F. The Bone Caves of Ojeow in Poland. Translated by 
J. E, Lee, 4to. London, 1884. 
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i2oM, LU Col, W, A, The Blowpipe in Chemistry, Mineralogy, and 
Geology. 8vo. London, 1884. 

Both, J. Allgemeine und chemische Geologic. Band ii. Abth. 1. 
8vo. Berlin, 1883. Furchased, 

Boyal College of Swrgeons of England, Catalogue of the Specimens 
Blustrating the Osteology and Dentition of Vertebrated Animals, 
recent and extinct, contained in the Museum. Part 2. Class 
Mammalia, other than Man, by W. H. Flower and J. G. Garson. 
8vo. London, 1884. 

Boyal Society, Catalogue of the Scientific Books in the library. 
Part 2. General Catalogue. 8vo. London, 1883. 

Bussia. Comite geohgique de Bussie, Memoires, Vol, i. No. 1. 
Die Fauna der jurassischen Bildungoii des ijiisanschen Gouver- 
nements von I. Lahusen. 4to. St. Petersburg, 1883. 

. . Beports. Tome i. 1883 (in lluesian). 

. . . Tome ii. Nos. 1-9. 1884. 8vo. St. 

Petersburg, 1884 (in Bussian). 

■ . . . Tome iii. Nos. 1 & 2. 1884 (in Bussian). 

Butimeyer, L, Beitrtige zu der Geschichte der Hirschfamilie. 
11. Gebiss. 8vo. Basel, 1883. 

. Beitriige zu einer natiirlichen Geschichte der Hirsche. 

2e Theil. 4to. Zurich, 1884. 

, Bathshcrr Pt t**r Merian. Programm zur Bectoratsfeier der 

Universitat Basel. 4to. Basel, 1883. 

Sanclherger^ F, Neue Beweise fiir die Abstammung der E ze 
aus dem Nebengestein. 8vo. Wurzburg, 1883. 

. Sauvage, H, E, Notice sur le genre Catarus et plus particuliere- 
ment sur les espuces du lias superieur de ITonne. 8vo. Paris, 
1883. 

, , , . Presented by M, Chapter, 

— . Note sur le genre Pachycormus, 8vo. Caen, 1883. 

. Becherches sur les reptiles trouves dans Tetage rhetien des 

environs d’Autun, 8vo. Paris, 1883. 

Sawyer, F,E, Earthquake-shocks of Sussex. 8vo. Brighton, 187 2. 

. The Birds and Mammals of Sussex. 8vo. Brighton, 1875. 

, The Climate of Brighton. 8vo. Brighton, 1882. 

, Sussex Fish and Fisheries. Svo. Brighton, 1882. 

. Sussex Natural History, Folk-lore, and Superstitions. 8vo. 

Brighton, 1883. 

Saxony. Geologmhe SpeciaTkarte des KbnigreicJis Sachsen, Erlau- 
terungen. Blatt 4, 10, 25, 130. Svo. Leipzig, 1883. 

. . , Blatt 148. 8vo, Leipzig, 1882. 
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Scandrett^ W. B. Southland and its Besources, being a paper on 
the resources of the district of Southland, Otago, New Zealand. 
8vo. Invercargill, N. Z., 1883. 

Schleiden, J. M. Principles of Scientific Botany ; or Botany as an 
Inductive Science. Translated by E. Lankester. 8vo. London, 
1849. Presented by James Love^ Esq., F.G.S. 

Schweinfurth^ G. Ucber die geologische Schichtengliederung des 
Mokattan bei Cairo. 8vo. Berlin, 1882. 

Scott-White^ A. IL Cbeinical Analysis for Schools and Science 
Classes. Qualitative Inorganic. 8vo. London, 1883. 

Scudder, S. H. The Carboniferous Hexapod Insects of Great Britain. 
4to. Boston, 1883. 

. The Fossil White Ants of Colorado. 8vo. Boston, 1883. 

Seaton, E. Borough of Nottingham, Annual lleport of the 
Medical Ofiicor of Health for the year 18S2, together with a 
description of the Sanitary Condition of Nottingham in 18S2. 
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. Old Stones. 8vo. London, 1884. New edition. 

Tate^ B, The Botany of Kangaroo Island. 8vo. Adelaide, 1883. 

Teisseyra, L, Ein Beitrag zur Kenntniss der Cepbalopodenfauna 
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fewnol i grwstyn y ddaear. 8vo. Cwmafon, 1 880 ? [Geology 
of the Northern Part of Glamorganshire.] Presented hy W. 
Whitaher^ Esq.^ F.G.S. 
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51, 68, 84, 108, 124, 185. Scale Purchased, 

Lydellcer, 11, Geological Map of the Kashmir and Chamba Terri- 
tories and Khagan. Scale 16 miles = 1 inclv. 
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N.E. : 65 N.AV. ; 66 N.AV., N.E. ; 67 N.AV. 
Nottinghamshire. Quarter-sheets 39 N.W., S.W. ; 40 N.W., 
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Paris. Depot de la Marine, 11 Sheets of Charts and Plans of 
various Coasts, &c. 

Saxony. Geolor/ische Landesuntersiichmip des Kmiijreichs SacJisen, 
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fdrande trakterna i norra delen af Orehro Ian. 2 sheets. Scale 



ADDITIONS TO THE MUSEUM. 


154 

Switzerland. Commission geologique de la Suisae, Carte geologique. 
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1. On the Geology of the Souxir Devon Coast from Torckoss to 
Hope Cote. By T. G. Bonnet, D.Sc., F.31.8., Boc. G. B., 
Professor of Geology in University College, London, and Fellow 
of Bt. John’s College, Cambridge. (Head November 7, 1883.) 

[Tlatk I.] 

CoXTENT.S. 

1. Introdiiftory. 

2. Torcross to tbe Start Point. 

tl. Prawle Point and tbo adjacent coast. 

4. Salcoinbe to the Polt Head. 

5. Tbo Bolt Tail and the neiglibouriug coast. 

6. Remarks on thcMicToscopic Structure of the principal rarieties of Rock. 

7. On some peculiarities of structure in the Slaty Scries. 

8. Conclusions as to the Relations of the various Rocks in the above district. 

1. Introductory. 

The wild and picturesque coast which fringes the most southern 
part of Devonshire has already attracted the notice of not a few 
geologists. As, however, a detailed list of their writings, carried 
up to the year 1879, will be found in a valuable paper by Mr, 
Pengelly, published in the ‘ Heport and Transactions of the Devon- 
shire Association for the Advancement of Science, Literature, and 
Arts ’ (vol. xi. p. 319) ; and as no material addition to our know- 
ledge, so far as I am aware, has since been made, it is needless for 
me to burden the pages of our ‘ Journal’ with a copious history of 
the literature of the subject. Suffice it to say that the geology of 
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this district is described in the paper of Sedgwick and Murchison 
“ On the Stratified Deposits of Devonshire (Trans. Geol. Soc. 
ser. ii. vol. v. p. 633), and in the “ Ileport of Sir H. De la Beche. 
In these two works, which after the lapse of more than forty years 
are still of the greatest value, the stratigraphy of South Devon is 
excellently sketched, and the main problems relating to it are 
clearly enunciated. Briefly stated, the latter amount to this : Does 
this district indicate a progressive metamorphic action, which in- 
creases in intensity as we proceed southwards ? or do we find here 
two distinct and independent scries, the southern, a group of highly 
metamorphosed rocks, true schists, the northern, slates, such as are 
common elsewhere in Devonshire, with no signs of a transition 
from the one to the other? Sedgwick and Murchison, if I under- 
stand them rightly, incline to the latter view ; Sir Henry De la 
Beche inclines, though hesitatingly, to the former, which appears 
generally to Ijuve found favour with later writers, including Mr. 
Pengelly himself*'. Accordingly the schists of the southern part of 
this district are regarded simply as altered PahTozoic rocks, possibly 
of Devonian age, whose upheaval is connected with the series of 


Fig. 1 . — ^h icli-map of the South Devon Coast from Torcross to 
Hope Cove. (Scale about 3 miles to 1 inch.) 



c. Chloritic schist. B. Axis of Chloritic schist. 


post-Carboniferous disturbances w^hich have affected the south-west 
of England, and whose metamorphism is probably due to some 
proximate protrusions of igneous rock, analogous to those yet visible 

* This opinion is also adopted, with some hesitation, by Dr. H. B. Holl, in 
his irivaluabie paper “ On the Older Rocks of S. Devon and Cornwall,” Quart. 
Journ. Geol. Soc. vol. xxiv. p. 400. 



OP THJU SOU Til OiSVON COAST. 


in the granite bosses of Dartmoor and of sundry districts of Cornwall. 
All these observers, however, had been obliged to labour without the 
aid of the microscope ; yet it appeared to me from their statements 
that the question was one in the settlement of which that instru- 
ment would be of exceptional value. Accordingly, last Easter I 
spent a week in examining the coast section from Torcross to the 
eastern side of the Salcombe estuary, as far as Portlemouth, and 
from some distance north of the town of Salcombe on the opposite 
shore round by the 13olt Head and Bolt Tail to Hope Cove (see 
Map, fig. 1). Eavoured by exceptionally fine weather I had time 
enough to traverse some of the more difficult parts of the coast 
section three or even four times, and to collect a considerable series 
of specimens, the more important of which have been subjected 
to microscopic examination. The rtisults of these studies I now 
lay before the Society. As will bo seen, there are several matters 
relating to the stratigraphy of the district upon which I have not 
been able to come to a satisfactory conclusion. Still I hope to have 
succeeded in clearing up some ditficulties, in narrowing the issues 
involved, and incidentally in throwing light upon one or two 
difiicult general problems In excuse for the incompleteness of 
some parts of this paper, I may plead that the region presents 
unusual difficulties. The magnificent cliffs sometimes render a 
close scrutiny impossible, and their bases are unapproachable cxce])t 
in a boat, and in the colraest weather ; while in the neighbourhood 
of Salcombe, for a considerable distance, the gardens and enclosures 
around houses make tlio shore difficult of access. Eui’thor, the 
indubitably mctamorphic series exhibits but' little variety ; it 
consists of a thick mass of a chloiatic rock, overlain and perhaps 
underlain by a dark mica-schist, and these arc bent into such sharp 
folds that when the green rock and the dark schist emerge from the 
sea, it is difficult to say which is the upper of the two. Nature, 
in fact, if I may be allowed the expression, seems to have taken a 
pleasure in puzzling the geologist by placing the rocks at critical 
sections, in a nearly veriical position, or by bringing together on 
opposite sides of a fault rocks, which, though really very different in 
the amount of mctaniorphism which they have undergone, to the 
unaided eye hear a very close rcsemhlance one to anoiher. I may 
say, however, that I liad no hope of clearing up my difficulties by 
any moderate increase of the time allotted to my work in the field, 
and am therefore compelled by various duties to leave to others 
the final settlement of some of the questions proposed in this paper. 

2. Torcross to the Start Point, 

The little village of Torcross, sheltered from the southern gales 
by a rocky headland, stands on the margin of a singular sheet of 
water called the Lee f. This is one of those freshwater lakelets 

* The nature of these has rendered necessary the occasional repetition of 
details of stratigraphy already given by earlier authors. 

t There is another example (completed, however, by the intervention of man 



4 


PBOP, T. G. 'BOmrEY ON THE GBOIiOGT 


which have been formed by a bar of shingle and sand damming up 
the streams issuing from one or more valleys. It is, however, on an 
exceptionally large scale, and is worthy of more attention from 
physical geologists than it seems to have received. In the headland 
bounding the northern side of this sheet of water grey satiny slates, 
not unlike those in the mid-Bevonian series of the northern part of 
the county, are exposed*. The headland immediately south of 
Torcross consists of dark slaty and fine gritty beds thrown into great 
folds with many minor contortions. On its southern side is a thick 
mass of dark glossy slate, which is quarried for roofing-purposes. 
All these rocks have undergone little alteration other than mecha- 
nical. They are distinctly cleaved, the planes dipping, usually at 
high angles, to the N. or slightly to the W. of N., and the strike both 
of the cleavage and the bedding being not far away from E. and 
W. The petrology of this group is interesting in more than one 
respect; but this I shall reserve for a separate section (No. 7), in 
order not to interrupt the description of the general stratigraphy 
of the district. South of the slate-quarry just named is another 
valley, now occupied by a small ‘ Lee,’ and at the end of the bar 
and shore called Ilossons Sand comes another headland, on the 
northern side of which nestles a hamlet bearing the same name. 
Here, according to the map of the Geological Survey, begins the 
tract of mctamorphic rock which occupies the remaining part of 
S. Devon, the boundary of this and of the unaltered region running 
nearly due west by South Pool and Marlborough, until it finally 
reaches the sea at Ho])c Cove. At first sight there seems good 
reason for putting the boundary here on the eastern coast, and much 
evidence in favour of those who maintain that the rocks between 
Torcross and the Start Point exhibit progressive metamorphism. 
Indeed, on my first traverse of the ground, I inclined to the same 
view ; but after carefully reexamining the section from ilossons 
Sands to some distance south of the village of Hall Sands (similarly 
situated at the next opening in the uplands), I observed that the 
rocks in the headland between these two valleys, though locally they 
might assume the macroscopic aspect of schists f, reverted again and 


within the last few yt^ars) in the next Talley to t he south. The Loe Pool, near 
Helston, is another ; and it is possible that the Cliesil Bank at Portland may be 
the remains of a like phenomenon. I think it probable that these shingle beaches 
are memorials of a period when the (;oast was depressed slightly below its 
present level, and thus are bars once formed at the mouths of estuaries and 
since elevated. 

♦ l)r. Holl (Quart. Journ. Geol. Soc. vol. xxiv. p. 400) considers the whole 
scries of this Torcross district as higher in position than the Plymouth Lime- 
stone, and thus equivalent to the upper part of the middle and lower part of the 
"Upper Devonian of the north. 

t Throughout this paper I apply the term “schist” (as is my constant prac- 
tice) only to foliated rocks, in accordance with the limitation insisted on by 
the late Professor Jukes. The lax use of the term by many continental and 
some English petrologists (by whom it is made to include not only highly meta- 
morphic rocks, but also some where the chemical and mineral (changes are but 
slight) causes much confusion, both in description and (as I have observed) in 
reasoning. 
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again to the slaty type, -while south of the valley the characteristics 
of a schist are seen on closer examination to be not only more 
distinctly marked, but also permanent. Thus in the very first 
craggy boss N. of the valley at Hall Sands, after a few yards of 
rock so much decomposed and cut up by quartz veins as to he 
incapable of giving testimony, we come to a true slate. This can 
be split up into thin quadrangular or polygonal plates, whose upper 
and under surfaces have a glimmering satiny lustre, crumbling, or 
rather cracking and splitting up, when manipulated, after the 
manner of the fine-grained less flinty slates ; while in all the rocks 
south of the valley, beginning with the very first crag, the surfaces 
are more waved, and have a more silky mica-like lustre ; the thinner 
edges of fragments can be split up by the knife into rather trans- 
lucent wavy folia ; in short the demeanour of the rock is in all re- 
spects that of a micaceous schist. 

I examined the crags beneath the hamlet of Hall Sands, until a 
reef, which projected into the sea, compelled me to mount above 
them. The rock is fairly uniform in character, being commonly 
a dull greenish schist, often marvellously corrugated, with “ eyes” of 
quartz and with innumerable quartz-veins, the latter often being best 
developed in the loops of the corrugations, and seemingly produced 
by mineral segregation from the darker bands. Sometimes, how- 
ever, these veins are on a large scale, and traverse irregularly the 
mass of the rock. They also are frequently crumpled and corru- 
gated to an extraordinary extent, the dip of the schist, if we may 
trust the alternation of the finer quartzose and micaceous laminae 
(i. e, the foliation planes) as indicative of bedding, is to N.N.W. 
and is high, being perhaps on the average from f>6° to 70°; but 
the crumpling and zigzagging of the layers is such that it is 
most difficult to cstimale the dip, i hough there is a fairly clear 
intimation of a general E.N.E. strike. Mica-schists (often greatly 
crumpled and corrugated), varying from a dull greyish green to a 
leaden or brownish colour, arc traversed by the path leading to the 
Start lighthouse and the rock. About the buildings is a mica-schist, 
which reminded me of those which so commonly occur on the flanks 
of the higher ranges in the Alps. Everywhere the schist, in addi- 
tion to the ordinary aspects of a foliated rock, has a peculiar slicken- 
sided look, as though it had been subjected to great compression long 
after it had become a normal mica-schist. 

3. Frawle Point and the adjacent Coast, 

Instead of continuing the section westward from the Start light- 
house, it will, 1 think, save time to describe next the rock which 
forms the fine headland of Prawle Point, and then to follow the coast 
back to the Start, on the eastern, and to Portlemouth on the western 
side. The first rock seen after quitting the village of East Prawle 
for the Point, is a mica-schist presenting a general resemblance to 
that at the Start. It forms a sort of scarp running westward, on the 
southern slope of the hilly upland. Apparently emerging from 
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beneath this mica-schist comes the mass of rock which forms the 
headland of Prawle Point, and is exposed in the grand cliffs for a 
considerable distance on either side. This latter rock varies in 
colour from a dull green to a light yellowish (epidote) green. Some- 
times rapidly alternating bands of different tint appear to indicate a 
very distinct bedding, at others it is more massive and homogeneous. 
Generally it has a somewhat decomposed aspect ; in the latter case 
it is often very rotten, passing into a crumbling earthy or sandy 
material, sometimes of a rusty colour, and forming a pitted carious- 
looking surface, the rounded hollows being occasionally several inches 
in diameter and three or four inches deep. It frequently reminded me 
of a rotten “ greenstone tuff;” and now and then I could have sup- 
posed myself to bo looking at a decomposed diabase. In two or 
three places I fancied I detected a slightly fragmental aspect, but 
could never satisfy myself that this was more than an accidental 
resemblance. In other places, however, the banding of the rock is 
very distinct, and it has more the aspect of an ordinary schist, 
though the foliation is seldom or never of a kind that renders it 
conspicuously fissile. Still, though rightly classed among the meta- 
moiphic rocks, it may be well to keep in view the i)ossibility of this 
having once been a fine basic tuff. As will presently be seen from 
examination of the microscoiuc structure, it is rather difficult to give 
this rock a name. \\ o may continue to call it “ chlorite rock,” 
with lie la Beche, or adopt “ chloritic schist ” as being slightly less 
definite as to its mineral character, remembering that it occasionally 
becomes rather massive. The dip indicated by" the banding, which 
I think can only result from bedding, at one place rather to the 
north-west of the Point, was about 45*^ towards a point between 
KKW. and KW. At the Signal House it is about 45° or 50° to 
H.W., or even slightly to the west of this. 

The steep cliffs on the eastern side of the Point rendered examina- 
tion difficult ; but, so far as I could see, the general character of the 
rock for about three quarters of a mile is similar to that already 
described. I then descended to the shore, the chloritic schist con- 

Pig. 2 . — Section on shore E. of Prawle Pomt. 



tinuing to form an inland line of crags j the reefs by the water afiFord 
the section given m the diagram (fig. 2). Three bands of mica- 
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schist are intercalated in the chloritic schist, the lowest forming a 
skerry insulated at high water, the other two exposed on the face of 
a rocky mass on the shore. The lower of these is about four feet at 
its thickest part ; but both are rather lenticular in form, and in one 
place the chloritic schist appears to bo nipped between two beds of 
mica-schist. The latter is banded with thin quartzose laminsB, and 
has a more gneissic aspect than the rock at the Start I also 
observed that it was more corrugated than the interbedded chloritic 
schist. The dip varies from about 20"" to 30° to N.N.W., or 
a few degrees more to the north. These interstratified schists, so 
far as I can ascertain, are the lowest rocks exposed in this district, 
I followed these associated schists for some distance, the rock at 
one place being much contorted and cut by (juartz veins several inches 
thick. Then 1 ascended the inland cliff, which consists of chloritic 
schists with one or two bands of mica-schist. After this, keeping 
along the coast, which now trends nearly N.E., I continued to 
traverse interbedded chloritic and mica-schists, sometimes much 
rolled about, but generally striking not far from E. and W., and 
with the prevalent dij) on the northern side at a rather low angle, 
until (I omit details of minor importance) I lost the chloritic schist 
on reaching a headland projecting from the Start promontory towards 
the south. The last hand of the chloritic schist appears to strike out 
to sea, so as to pass beneath the lowest rocks of the Stait. My exami- 
nation of this i)art of the coast, es])eeially about Lannacombc Milk 
and to tlie cast of it, led me to the conclusion that the mass of 
chloritic schist probably thins, and is certainly split up by bands of 
mica-schist as it is traced eastward. 

Eeturning to Prawle J^oint, we can follow the chloritic schist 
already described along the limit of free clihs for a distance of nearly 
half a mile to a projecting headland t. The evidence as to the dip 
of the strata is sometimes obscure, sometimes variable ; but on the 
whole the dip seems to he high, perhaps about 00°, and the inclina- 
tion slightly to the W. of N. Eeyond the headland the readings are 
discordant, the beds in one place appearing to plunge to the S., 
in another to the N.E. The strike, however, seems generally to be 
about E. and W., and folds are very probable. A short distance to 
north of the headland the chloritic schist is replaced by mica-schist 
(the prolongation of that already mentioned as forming the ridge 
just below Prawle village), the line of junction being almost 
vertical (fig. 3). The latter is rather greener in colour than usual. 
In the cove beyond we again find chloritic schist, hut on the further 
side mica-schist occurs again. The latter is wonderfully gnarled 
and quartz-veined, the zigzagging bands appearing generally to be 
almost vertical. The former also indicates great disturbance, though 

* Probably this is the rock spoken of by Be la Beebe as “ gneiss but 
I should agree with Sedgwick and Murchison in preferring to call it a mica> 
schist. 

t Here I may venture to call attention to tbe coast scenery. Barely, except 
in the recesses of tbe Alps, have I found a spot so perfect in its solitude or so 
impressive in its grandeur as on the crags ot this headland. 
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at one place on the southern side the beds dipped pretty clearly to 
the south. By following these along the shore I could come to no 
satisfactory conclusion as to the relative position of the two schists, 
but afterwards, by traversing the little glen which leads down to 



the cove, I found that I only lost sight of the mica-schist beneath 
the turf for a very short distance, and have no doubt that the rock 
.exposed in the headlands on either side of this cove belongs to the 
sa^e bed, and that the sea has cut across the crown of a sharp arch 
which brings up the underlying chloritic schist (fig. 3). 
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This second mass of mica-schist forms a considerable headland, 
which descends in steep crags to the sea. The rock is much 
“ gnarled,” and is slightly greenish in colour, the strike being very 
nearly E. and W., but the dominant direction of the dip is very uncer- 
tain. In the next cove, on the B. side of a small stream which here de- 
scends to the sea, wo again meet with the chloritic schist. Here 
also the junction appears to be nearly vertical, but in the cove itself 
a sharp N.N.W. dip may be noticed in the last-named rock, which 
is, I think, the lower of the two. Hence, for some distance along 
the shore, bands of mica-schist occur in the chloritic rock, the former 
being always the more corrugated and having more quartz-veins. 
The dips which I observed were now less steep, first to W.S.W., 
then to S.W. at about 45°, the latter being near the westernmost 
angle of the coast. The trend of this is now a little E. of N., and we 
pass over chloritic schist till in a little sandy cove we find a darkish 
mica-schist pretty clearly underlying it. The annexed diagram 
(fig. 4) ‘ roughly illustrates the relation of the two rocks, and indi- 
cates that hero, at any rate, the foliation-planes of the mica-schist 
cannot be trusted as evidence of bedding : for they make a consider- 
able angle with that (indicated by marked mineral changes) in the 
chloritic schist, and correspond with a faint imperfect cleavage in 
the latter. Hereabouts the rocks evidently are greatly folded, but 
the dark mica-schist is pretty clearly shown to be the lower of the 
two. 

Mica-schist, with its foliation-planes generally dipping northward 
at a high angle, continues as far as the ferry at Poiiblemouth ; and 
the same rock can be traced for a considerable distance inland up 
the hill, at least as far as the church ; but a little beyond the ferry 
the chloritic schist seems to set in again and to continue along the 
shore for some distance. The mica-schist at Portlemouth is evi- 
dently thick, and the evidence just mentioned would uaturally lead 
us to place it below the chloritic schist : still after consideration of 
the whole question, I doubt whether this is not another repetition 
of the upper schist, the apparent infraposition of that in the 
cove being due to the folding over of a banded part at the top of the 
chloritic schist. I was unable, for want of time, to examine the 
coast north of Portlemouth. 

4. Salcomhe to the Bolt Head. 

The ramifications of the coast and the numerous houses and en- 
closures cause this district to present even greater difficulties than 
the former. I visited the junction between the true schist and 
the slaty rock laid down on the geological map to the north of 
Salcombe, and by making use of a boat, formed some idea of the 
stratigraphy of the very irregular coast-line between this locality 
and the town. Landing a little north of the spot where the junction 
is indicated, I found the rock very imperfectly exposed ; but satisfied 
myself that though, as at Bossons Sands, it occasionally assumed a 
schistose character, all is indubitably slaty, the cleavage-planes 
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dipping apparently to points between N. and N.N.W. I place the 
actual junction, which I have no doubt is a faulted one, about 200 
yards S. of where it is drawn on the Geological map ; for I succeeded 
in tracing the slaty rock almost to this point and then after a few 
yards' interval (the rock hereabouts being very imperfectly exposed) 
found an indubitable mica-schist of rather chloritic aspect. Beyond 
this, at a slight headland, is a very “ gnarled " ^eenish schist, and 
at the headland bounding the little bay chloritic schist appears 
to rise from below the mica-schist. 

Along the shore of the inlet leading to Batson, which cuts 
obliquely across the above-named beds, we have chloritic schist 
more or less banded with mica-schist, and at last, near the inlet 
leading to Snapes Farm, these appear to bo overlain by a con- 
siderable thickness of darkish mica-schist t. 

The town of Salcombe is scattered over a headland formed of 
chloritic schist (hg. 5), of which rock many exposures will be found 
by searching ; but a band of mica-schist occurs near the base, as may 
be seen in an alley not far from the ferry : and at the upper part of 
the hill is found a considerable mass of mica-schist, resembling 
that already described, and clearly overlying the chloritic schist. 
This is, in all probability, continuous with a mica-schist exposed in 
a quarry to the west of Shabicombe, on the road to ^Marlborough. 

From Salcombe to North 8ands tlie coast, for the reasons given 
above, is generally difficult of access. So far as 1 could ascertaio. 
the rocks are chloritic schist, but in one or two places I observed 
bands of mica-schist underlying the basal part of the former rock. 
In the southern flank of the hill, forming the northern boundary 
of North Sands, the chloritic schist, here pretty well banded, is 
quarried. The dip is steep, approximately to S. The same rock 
forms the headland dividing North Sands from South Sands ; but by 
the roadside, low down on its southern face, we find a darkish mica- 
schist and on the shore at its base chloritic and mica-schists are 
interbedded and, I think, repeated by minor flexures. Ike general 
strike is about E. and W., but it is difficult to say whether the 
dominant dip is nortliwards or southwards. On the south side of 
the little bay called South Sands is a darkish mica-schist, the com- 
mencement of the great mass which forms the Bolt Head. I'he rock 
is greatly disturbed and “ gnarled.’’ At first I inclined to the view 
that the whole rose up steeply from beneath the chloritic schist, but 
on repeated examination I fancied I could detect some indication 
of bedding which gave a southerly dip, and after studying spe- 
cimens with the microscope, and a review of the whole evidence, 
I think it more probable that the Bolt-Head mica-schist is only 
a repetition of the upper schist of the Salcombe hill and is thus a 
continuation of that already noticed on the eastern side of the 
estuary. The Bolt Head, so far as I could see, is a mass of darkish 
mica-schist, the general strike of which appears to be a few degrees 

* About 80 yards from a gate, opening from the shore into a field. 

t The tide was falling, and mud prevented me from landing. 
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N. of E. The foliation-planes 
seem generally to incline rather 
to the southern side, but the 
thinner quartz bands among the 
micaceous laminse are intensely 
“ gnarled,” and the quartz veins, 
by which the rock is often tra- 
versed, are commonly completely 
smashed. I do not think that 
we can rely much upon the evi- 
dence of the minor features of 
this mass : but the general aspect 
of the crags — of marvellous wild- 
ness and beauty — produced upon 
me the impression that the head- 
land consisted of a series of grand 
folds, the loops of which had 
their axes in a nearly vertical 
position, 

6. The Bolt Tail and the neigh- 
bouring Coast (fig. 6). 

At the Bolt Tail we have, as 
at Prawle Point, a great mass 
of chloritic schist. The coast 
between the Hoad and Tail may 
be dismissed, in a fc ’ words, 
though the walk from the one 
to the other is rather a long 
one (more than four miles as 
the crow flies, and over very 
broken ground). As a rule, it 
is not possible to descend the 
cliffs to the water's edge ; but we 
can see clearly that the rock is 
very uniform in character, a dark 
mica-schist, the interlaminations 
of quartz being very thin, often 
barely perceptible, while the mass 
is frequently traversed by quartz 
veins. There can be little doubt 
that the general strike is to the 
east, and the bedding (if we can 
trust the indications) dips at a 
high angle to the south. We 
do not touch the chloritic schist 
until we reach a spot almost due 
south of Hope village, where it 
is seen to rise abruptly from the 
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Fig. 5. — Diagranumatie Section near West Side of Estuary^ Salcomhe, (Horizontal scale 2 inches to 1 mile.) 
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Bea in the face of a precipitous headland, difficult of approach, and im- 
possible to descend. The two rocks strike a little 8. of E., and the 
mica-schist, so far as can be seen from above, appears to plunge at a 
very high angle beneath the chloritic rock, but not more than would be 
perfectly consistent with a slight overthrow in the folding. As we . 
proceed towards the “ Tail,” the strike becomes E. and W., and 
a furlong from the junction the dip is distinctly about 60 N. We 
see no more of the mica-schist until, as we proceed from the Tail to 
Hope village by the path along the northern margin of the headland, 
we note some outcropping beds of it in a cove below ; and then, beyond 
another little cove, where the coast-line bends sharply to the north, 
we find in the crags of a headland first mica-schist, then chloritic 
schist, and lastly mica-schist, all seemingly dipping at a high angle 
to the south. The last-named mica-schist also forms the little “ look- 
out ” headland, which divides the two coves, between which extends 
the village of Hope. It is rather dark in colour and marvellously 
gnarled and broken, but the foliation -planes are often vertical. 

We have only to traverse the rocky shore in the northern cove 
at Hope for a very short distance to be convinced that, as is 
indicated in the map, we have returned to the slaty series. Here 
again the mimicry of foliation, and the other results of the tre- 
mendous pressure which the beds have undergone, make it difficult 
to fix the exact position of the junction, but after repeated exami- 
nation on more than one occasion, I came to the conclusion, fully 
confirmed by subsequent microscopic examination, that the beds 
outcropping on the shore were never more than schistose, v^hile 
those in the headland itself, wherever I could get at the crag (ren- 
dered difficult each time by the state of tide), were true schists, so 
that the fault has probably determined the northern face of the 
headland. 


Fig. 6 . — Diagrammatic Section near Bolt Ta\l. (Horizontal scale 
3 inches to 1 mile.) 

Headland of 

Bolt Tail, Lifeboat. Hope village. 



In the floor of the cove the newer scries exhibits considerahlo 
variety of mineral character; but in the crags beyond, dark slaty rocks 
predominate, bearing a general resemblance to the series in the 
headland between Hall Sands and Bossons Sands. In the distance, 
beyond Avonmouth, the peculiar sheen of the cliffs recalls to mind the 
satiny slates seen at Slapton on the east coast, and at Kingsbridge 
at the head of the estuary. 
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I postpone the full consideration of the facts recorded in the 
above descriptions until I have given the results of the microscopic 
examination of the rocks, merely remarking that the evidence 
obtained in the field leads us to the following conclusions : — (1 ) 
that the foliated and slaty series are quite distinct rocks, the one 
much older than the other, so that very possibly the foliation of 
the former was anterior to the deposition of the latter, and that 
their junction is a faulted one ; (2) that both have subsequently 
been subjected to tremendous lateral pressure, which has bent them 
into huge folds, cleaving the newer and producing marked effects 
on the older rock. 

6. Microsccypic structure of (A) the Foliated Series, (B) the Slaty 

Series. 

(A.) Regarded lithologically, the foliated series may be divided 
into two groups, the mica-schists and the chloritic schists, of 
which the former are decidedly the more fissile, the latter being 
occasionally almost massive. Macroscopically the mica-schists do 
not materially differ ; they are of a dull lead-colour, sometimes 
rather dark, but often relieved by minute spangles of silvery mica, 
sometimes distinctly laminated with quartz ; but not seldom the latter 
mineral is inconspicuous. Tiie surface often weathers to a rusty 
brown. The rock, almoKst eve ly where, appears to have been much 
squeezed after it had assumed its present mineral character. Some- 
times it has a peculiar slickensided look, as near the Start ; some- 
times the surface of the foliation-planes is traversed by minute 
wavelike wrinklings ; sometimes, as especially about tbe Bolt Head, 
it is so crumpled as to break up under the hammer into rude 
prisms with irregularly fluted sides. 

Microscopically examined, the differences arc merely varietal, 
and so slight that one description will suffice for the predominant 
characters of the specimens which I selected for cutting. The 
chief constituents arc (juartz, mica, and a variable amount of a 
minute black mineral. 

Quartz . — This occurs in granules variable in size. These are some- 
times at least as old as the time when the foliation w^as produced ; 
at others they have a chalcedonic aspect, as if a secondary product, 
in interstices due to subsequent disturbance. Cavities, especially in 
the former, are rather numerous, but extremely minute, so as to 
require for examination a magnification of at least from 300 to 
400 diameters. Some are rounded in outline, sbme vermiform, 
a few are irregular, and may possibly be films of some micaceous 
minerals. Bubbles are extremely rare. Sometimes the cavity 
is slightly darkened as if by the internal deposit of a ferruginous 
coating. 

Mica . — Of this mineral there appear to be three varieties — (a) a 
colourless mineral in flakes rarely exceeding *01" in length, exhibi- 
ting with the polarizing apparatus a satiny chromatic polarization, 
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the tints of moderate brilliancy, varying from pale green to pink, 
and extinguishing when the cleavage-planes are parallel with the 
vibration-planes of the crossed nicols ; probably a hydrous potash 
or soda-mica ; (h) a dark brown mica, associated with, and often 
rendered almost opaque by, the black dust named above, probably 
ft kin to biotite, or a hydrous variety of it ; and (c) a pale olive-green 
slightly dichroic mineral in rather smaller flakes which seems not 
to extinguish in quite the same positions as the first mineral, and 
so may be rather a chlorite than a mica. 

The white and the dark mica are closely interbanded, sometimes 
the former, sometimes the latter predominating, in which case the 
slides become locally only very feebly translucent. The crump- 
ling of these interlaminated minerals is often singularly beautiful, 
equalling the most complicated arrangements of banded agates (see 
fig. 7). In this case I have observed that the white mica, when seen 
with the polarizing apparatus, assumed a peculiar granular aspect, as 
if the mineral had been somewhat “ crumbled in situ. The micro- 
scopic structure fully confirms the conclusion, formed in the field, 
that after the rock had assumed its present mineral cliaracter, it 
was subjected to great lateral pressure, often crushing the minuter 
laminae of quartz as well as the larger veins of the same mineral, 
and abruptly bending the more yielding laminae of mica, which were 
now and then somewhat broken. 

The BlacTc Mineral , — This is generally associated with the darker 
mica, occurring in minute specks, vermicules, and rods, forming fine 
black bands and streaks, which under a low power arc often almost 
wholly opaque. Among the quartz occasional specks and rare larger 
grains occur ; but even in the latter anything like a definite crystal- 
line outline is wanting. Mr. J. J. H. Teall has kindly undeitaken 
some investigations, experimenting with much care both on pre])ared 
slides and on a specimen of the rock powdered, with the results (i) that 
the colouring matter is principally iron-peroxide, but that there is 
probably a small amount of carbonaceous matter, and (ii) that the 
rock contains about 0 per cent, of combined water. Besides the 
above there is often a little iron-glance, liinonite, and a grain or 
two which we may regard as impure cpidote. 

Fifteen) specimens have been examined, on which I will make a 
few" remarks. One, from the first rock visible on the north of Hall- 
Sands village (p. 5), i. e. from the first outcrop of true schist on 
the cast coast, though much affected by crushing and decomposition 
(as its macroscopic aspect led me to expect), ai)pears to me to be a 
true foliated rock. Another specimen, from near a fissure about 100 
yards further south, is a mica-schist, like several of those following, 
but extraordinarily crumpled. A specimen taken from a greenish 
band in this neighbourhood has, as we might expect, more the aspect 
of the slides of the chloritic schist presently to be described, but it 
contains some mica and a fair amount of cal cite. It has, as is com- 
mon with the chloritic schists, a rather fragmental ” look ; but this 
I believe to be the result of subsequent crushing. 
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Two specimens from different parts of the Start headland call 
for no special remark. Three specimens, one from the schist to the 
west of Prawle village, the others from the two principal masses 
further west, selected to see if they were microscopically as well as 
macroscopically identical, agree in all essential particulars with one 
another and with the last two ; so also do three from the Bolt Head, 
one from a quarry just inside the grounds, another from the eastern 
face of the Head, and a third from near the Mewstone, except that in 
these, perhaps, there may be a little more of the black mineral. 
There is therefore nothing to be discovered under the microscope 
which forbids us to consider all the thick masses of mica-schist one 
and the same rock. I figure a portion of one from the Bolt Head 

y, 7. — Section of Mica-scMM fovn the Bolt Head ( x 50). 



(fig. 7), to give an idea of the general structure and the extraordinary 
corrugations. I examined slices from the bands (A^ and of fig. 2) 
which are undoubtedly below the main mass of the chloritic schist, in 
the hope of finding something that would characterize a lower mica- 
schist, but without success. They contain a few grains of a mineral 
which also occurs in the cliloritic schist, and rarely in the ordinary mica- 
schist; as I shall presently explain, this may be a felspar, but I have 
doubts as to its nature. I have also examined one of the lower 
schists from the northern side of South Sands, but it docs not help 
in our attempts at differentiation. Hence, as might be expected, 
the microscoj)ic evidence as to the position of the mica-schist is in- 
conclusive. 

The macroscopic aspect of the chloritic schist has already been 
described (p. 6). Seven specimens have been cut for microscopic 
examination. In these three minerals predominate : — (1) the most 
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abundant, a laminated yellowish green mineral occurring in isolated 
folia, in grains exhibiting a marked scaly cleavage, and in felted 
aggregates. Viewed with the polarizer alone, it is seen to be mode- 
rately dichroic, a dull green when the lines formed by the cleavage- 
planes are parallel with the vibration-plane of the transmitted beam, 
and yellow-green when they are perpendicular to it. We may 
safely regard this mineral as a species of the chlorite group. (2) A 
granular mineral, often dusty-looking, giving, when clear, fairly 
bright tints with the two nicols. This I have no doubt is epidotc. 
(3) Quartz in rather irregular granules, frequently containing micro- 
liths of a pale green mineral ; some of these, I have little doubt, are 
flakes of a chlorite, but others appear to be belonitcs, minute elongated 
prisms. The comparative thickness of the including quartz grains 
renders it most difficult to examine their optical characters ; but I 
think that the greatest extinction is when the belonite forms a small 
angle with the vibration-plane of one of the crossed nicols, so that 
they are probably hornblende. The quartz also contains numerous 
extremely minute cavities ; these generally seem to be empty, but 
in a very few I have detected little moving bubbles. (4) A mineral 
in grains of moderate size, present, but in variable amount, in most 
of the slides. It has one well-marked cleavage, and another making 
with it an angle not far from 90°. It may be ortlioclase, but I 
should have expected this under the circumstances to show more 
indication of decomposition, and I should consider that a few earthy- 
looking grains occasionally present are more likely to represent a 
felspathio constituent. The present mineral has considerable resem- 
blance to my specimens of kyanite, which would be a mineral very 
likely to occur in a rock of this nature. Calcite, grains of iron 


Pig. 8 . — Section of Chloritic Schist from the west side of Prawle 
Point ( X oO). 



peroxide, and ferrite stains are occasionally and variably present. 
The quartz granules often have a very clastic aspect, but as they 
contain frequent microliths of the green constituent, I consider this 
illusory, the result of subsequent pressure. It will be remembered 
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that the chloride schist exhibits less marked crumpling than the 
mica-schist. The more granular and uniform character of its con- 
stituents probably allowed of their being compressed into a smaller 
space, while the platy laminae of the mica were necessarily folded 
by a transverse pressure. It is rather difhcult to obtain thin slices 
of this chloride schist. Seven slides have been prepared, one from 
the rock by the signal-house on Prawle Point, another from the 
cliffs on the west side, and a third from the beds associated with 
mica-schist on the east (p. 6, hi fig. 2). There is nothing in 
these calling for special remark, except that the bclonitic character 
of some of the microliths is very consjiicuous ; they pierce the 
grains of quartz (and of felspar ?) like pins in a cushion ; there are 
also bands of secondary quartz, xirobably filling interstices i)roduced 
by crumj)ling. A slide from the quarry near North Sands (p. 10) 
shows, more than any other, quartz grains like original clastic con- 
stituents, and contains some calcite ; but, as already stated, I believe 
the structure to bo due to unequal pressure. One from the other side 
of North Sands, and one from near the Signal on the Bolt Tail, caU for 
no special remark ; that from the headland south of Hope, has the 
felspar-like mineral in greater quantity and in larger grains than 
is usual. 


B. The Slatf! Series, 

Of this group I have examined, microscopically, eight specimens, 
the majority being selected from critical positions. As an example 
of one of the normal rocks of the district, 1 take the silky slate from 
the quarry on the south side of the Torcross headland. This, cut 
perpendicular to the cleavage -planes, ('xhibits a moderately clear, 
finely granulated ground-mass, divided into minut() lenticular 
streaks by dark lines of variable thickness — the usual aspect, in short, 
of a fine-grained blackish slate : the dark linos which arc parallel 
with the cleavage-planes are due to the presence of carbonaceous 
matter, perhaps graphite, with probably some iron oxide. The 
clearer inters})aces (not seldom minutely granulated with similar 
minerals), when magnified ilOO or 4U0 diameters, appear to be com- 
posed largely of veiy minute scales, nither irregidar in form, of a 
filmy mineral, which on applying the nicols gives pale colour tints ; 
these are probably one of the hydrous micas which seem to be com- 
mon to many slates, especially the more ‘ satiny ’ varieties, and to the 
phyllites ; with them are associated extremely minute granules of 
(apparently) quartz. The slide, as a whole, is darkest when the 
cleavage-lines are parallel with the vibration-planes of one of the 
crossed nicols. 

A specimen of a slaty rock collected a little to the north of the 
marshy valley at Hall Sands (just to the north of a stone building), and 
so one of the nearest to the metamorphic rocks south of the valley, 
exhibits a structure generally similar to the above, except that the 
rock has evidently been much crumpled. A sharp zigzag fold tra- 
verses the slide, and some of the bands have been broken across, 
and one part of the fold thrust over the broken ends of the other, 
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SO as to exhibit a structure in one part of the slide which might 
readily be mistaken for false-bedding 

A specimen from the curiously corrugated rock at the headland 
north of the last locality (p. 4) shows a similar mineral structure, 
but one more conspicuously banded, the slide havingbeen very skilfully 
cut from the apex of a fold. In this, however, the micaceous 
constituent occurs in slightly larger flakes. Still, notwithstanding 
the presence of a hydrous mica, which perhaps may venture 
to designate sericitc, these rocks differ widely from the normal 
foliated rocks and, if we restrict the term schist to the latter, they 
have no claim to that title. These film 5^ minerals appear to be 
very readily formed under pressure from damp argillaceous material 
in a fine state of division, and rocks in which they occur alone differ 
widely under the microscope, and usually to the naked eye, from 
the true mica-schists. I call special attention to this because 1 
have noticed in some authors a tendency to confuse these two 
generally well-defined and widely separated groups of rocks. 

A specimen from a rather gritty-looldng hand in the cliffs south 
of Torcross show s a minutely granular, somewhat streaky structure, 
and appears to consist of (]uartz, white mica, a dusty mineral, proba- 
bly kaolin, perhaps a little calcite, with ferrite, opacite, and a filmy 
mineral belonging io the chloritic group. Bands of socondaiy 
quartz associated with some of the last-named mineral traverse 
the slide. Another somewhat similar rock, in whieh scales of 
silvery mica are distinctly visibh^ to the eye, from south of Bossons 
Sands, exhibits a coarsei- texture under the mieroscoi)e, consisting 
chiefly of grains of quartz ajid flakes of w^hite mica wdth strealcy 
ferrite and opacite ; the quartz is rather full of minute cavities, 
bubbles being very rare, if not absent. The rock has evidently been 
much compressed, and some slight amount of mineral change has 
taken place. I have little doubt that tlic more conspicuous (juartz 
grains and mica flakes are derivative and indicate the destruction 
of a gneiss or mica-schist. 

Specimens of the greyish, greenish, jind blackish rocks from near 
the fault in the Hope Cove have also been examined ; but a very 
minute dcscrijdioii does not seem to me necessary. They are 
clearly not foliated rocks, though they liavc been much comi)re8sed, 
and consist of fine aluminous sediments of rather varied nature, 
associated with some (juartz, calcite, and numerous microlithic 
minerals which it is hopeless to identify with precision. Por my 
present purpose it suffices to say that I have no hesitation in 
classing these with the slaty group, not with the true schists of 
South Devon. 

7 . Peculiarities of Structure in the Slaty Series, 

1 have already called attention to the remarkable corrugations 
and schistose structure locally exhibited by members of the slaty 

* This structure is described by Prof. Lap worth ; Qool. Mag., Dec. ii. 
vol. viii. p. 318. 
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series ; but there is one case which appears to me so interesting 
and suggestive that I have reserved it for a separate notice. This 
is exhibited in the rocky headland upon whose northern slope 
the village of Torcross rests, and the most striking examples are 
exhibited in the smooth face of a low cliff rising from the shingly 
beach within a two minutes’ walk from the hotel door. The rock 
appears originally to have consisted of alternating layers of fine 
dark mud and silt. The former predominate ; the latter, though 
differing so little in mineral composition or texture as to be with 
difficult visible on a freshly broken surface, are more distinct on 
a weathered one, as their colour changes to a lighter grey than 
the former. The bods are much folded, and so arc inclined at 
various angles to the direction of pressure. Where this has been 
normal to the bedding, the different layers have evidently been 
much compressed, the stripe is remarkably clear and sharply de- 
fined, cleavage corresponding with bedding ; but in other parts, 
where the angle between the direction of pressure and the normal 
to the surface of the bod has been a fairly large one, the results 
are very remarkable. The stripe is obscured or obliterated, and 
a now and often more conspicuous structure produced, which is 
parallel to the planes of cleavage. 

Fig. 9 . — Diagrams of Pressure Structure in Banded Bode, 



1. Banded gritty (ar, j?') and slaty (y, y') rock, cleavage parallel with x, x'. Gritty 

band about 4 inches thick. 

2. Enlarged drawing of part of gritty band between x x'. 

3. Study of a portion of rock, about I J" by 1”, where tlicse gritty bands, which 

have lain diagonally, have been squeezed out by a nearly horizontal 
pressure. 

4. A small diagonal band of gritty rock squeezed out on one side only.' 
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An examination of Plate I.*, which represents a small portion 
of the cliff face, aided by the smaller diagrammatic figures (fig. 9), 
may, I hope, render intelligible the following extract from my note- 
book, and thus render a lengthy description unnecessary. “The 
whole of this bedded mass exhibits a cleavage-structure, and the 
more gritty bands are squeezed out into long lenticular streaks, as if 
the'beddiiig coincided with the cleavage. Where the gritty bands are 
broadest, there the ends are all ^frayed oiit\fig. 9, no. 2) ; where the 
banding has been fine and rather close, there it has been entirely obli- 
terated and replaced by this new structure of parallel lenticular streaks 
or elongated ‘ eyes 9, no. 3). Pound these the darker part of the 
rock bends, just as the folds of mica in a gneiss pass round the len- 
ticular patches of quartz and felspar. Occasionally, perhaps where 
the materials of the gritty band have been coarser than usual, 
rather larger lumps have been formed, like the ^ ejx's ’ in an 
augen-gneiss. These arc ‘ drawn out,' as it were, into long fiame- 
like ends, with more distinctly indicated central eyes. They vaiy^ 
in length from about f to 3 inches, and in ])readth from to | 
inch. In some cases I noticed that the thinner bands were much 
more squeezed out on one side than on the other, like the feather of a 
pen, when t he pinnules are a little separated (fig. 9, no. 4). Commonly, 
during the latest stage of the s(]ueezing-out, tlierc aj^pcars to have 
been a slight slip])ing of one ])art oveu another, .and a thin film 
of the darker material has been either infiltrated or dragged in 
between ; this aids greatly in obliterating th(‘ traces of the original 
beddiiig and in simuLiting the as 2 >cct of a scliist.” 1 may also 
note that in one or two of the* coarscu gritty baiids in this neigh- 
bourhood (not “ teazed ” out as above described) 1 noticed indications 
of stratulm, wliich might j-eadily be takcai as marks of rip])le- drifts. 
I came, howe\'CT, to the conclusion that these were more j)rob:jlily 
indications of a rude cleavage — minute sjdils along which pcrliai>s 
a slight infiltration had taken j4ac(‘ : they made an angh^ of about 
15’' or a little more with tlie well-defined and level surface of the 
bed. It may be well to bear thivS instance in mind, for the struc- 
ture might easily have been mistaken for one of the cases of ripple- 
drift noticed by Dr. f:?orby t. 

The peculiar structures dcscrihcd above arc, I think, interesting 
as illustrating some of those seen in foliai^od rocks. Though the Tor- 
cross rock is iu no true sense of the word foliated, yet it is often 
an excellent model of one th<Mt is foliated. In njgard to rocks of the 
latter class it is often difficult to say whether foliation corresponds 
with bedding or is transverse in direction to it, whether it is in- 
dependent, or only a further development of cleavage; further, 
an arrangement of the minerals in lenticular streaks with their 
longer axes parallel is common, especially in gneisses. If the action 

* Copied iroin Ji phoiograpb. For this I am indebted to my brother, Mr. 
F. Ponney, who kindly undertook a journey to Torcross to make it. 8hinglc 
thrown up by a recent storm had buried the best example, but the one which he 
secured is nearly as good. 

t Quart. Jouru. Oeol. Soe. vol. xix. p. 401. 
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of heat, pressure, and alkaline water on these slaty rocks of Torcross 
had been sufficiently prolonged, we can hardly doubt that the darker 
laminsB would have been converted into bands of mica, the greyer 
streaks into lenticular aggregates of quartz and felspar. All trace 
of the original bedding might thus have been lost, and the presump- 
tion from the general aspect of the foliation would have been that 
the original stratification had been parallel to it. Certain portions 
also of the rock would have closely resembled an augen-gneiss. 

In ofibring these suggestions, I wish to guard myself against 
being supposed to put forward a general theory of foliated rocks. 
I merely mention these as a possible explanation of certain cases of 
foliation, and certain cases of ‘‘ eyed ” structure. I am only pre- 
pared to make one general induction, namely, that a lenticular struc- 
ture in a foliated rock is probably an indication that it has been 
sul)jected to pressure in a definite direction, which, though making 
a fairly large angle with, is not at right angles to, the dominant 
miiKjral banding, l^'^rom what I have seen of foliated rocks in a 
rather wide experience, I am convinced that very commonly their 
characteristic structure, speaking in general 1 erms, is ])arallel with 
the original stratification, and that there are many augen-gneisses 
to which the above exjdanation does not seem to be applicable^". 

S, ConcJtfslons «.s* fo tlu' RJdtionii of the v /lochs in flte above 

District, 

From the foix'goiiig remtirks it is (‘vident that in tins district of 
South Devon tw'o (|nestioiis osp(‘cially presemt Ihomselvos for con- 
sideration : — one, th(? relation of the foliated to the slaty scries, the 
other, the mutual relation ortho memlKU’s of the tornnu' series. As 
regards the former question, wo have to decide whetlnm we find in 
the sections above described — a case of ])rogressive met amor] )bism, 
so that- we pass in descending order, from triic^ slates to true schists — 
or two distinct groups, of which tln^ lower was probably metamor- 
phosed before the upper was diq)osit(‘d. 

The facts mentioned above in detail jjrove, 1 think, that there is 
no valid endenee of a passage from schist to slate. AVhilc I can- 
not assert, that there is a conspicuous fault, as in the Lizard district f, 
yet the transition from the one class of rock to the other is so abrupt 
as to be incomiiatible with the idea of progressive metamorphism, 
while at Hojie Cove and to the north of Salcombo the chloritic 
schist appears to approach mii(*h nearer to t he sLity series than at the 
Start ; but apart from the former of these eonsideratioris — that we 
pass from vslates and phyllites (to use the strongest teim that can be 
applied to thorn), from rocks in which the metaraorphism can at 
most be called incipient, to true schists, too rapidly for us to regard 

* I may refer iu connexion wiUi this subject to a paper road before our 
Society by the late Mr. (h Poulott Scropo on May 1858. and publish ed, 
with an admirable illusl ration, in the ‘ Geologist ’ for 1858, p. .SGI; a paper 
replete yitli valiiabio suggestions, whicli, as it appears to mo, has not, attracted 
the notice whicuh it dc'serves. 

t Quart. Journ. Oeol. Soc. vol.xxxix. p. 1, 
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the change as resulting from an action which has affected both 
masses to a different extent — there is another which to my mind is 
conclusive. All the rocks of this region —slates as well as schists — 
have been greatly folded and bear unmistakable indications of 
lateral compression. In those which some observers might call phyl- 
lites, those which, as described, at first sight resemble schists, the 
aspect of the rock leads us irresistibly to the conclusion that to this 
compression is due such modifi^cation in mineral structure as they 
have undergone ; but the contrary is the case with the schists, and 
especially the mica-schists. Folded and corrugated schists are far 
from uncommon in nature. In some cases the structure of the 
crystalline constituents indicates that the folding has been the first 
stage in the process of mctainorjdiism, and that the chemical or 
mineral change has been subsequent to the mechanical one. In others 
the former a])])cars iji immediate connexion with the latter, subse- 
quent to it, indeed, but in such connexion lhat tlic mineral consti- 
tuents, owing to the plasticity of the mass, were capable of change 
of position mutually without visible rupture' of continuity or sign 
of crushing; but in a third case it is obvious that the rock, wlien 
compressed, was substantially the same that it is now. I n the first 
and second cases we find that the rock does not separate along the 
different mineral layers, where corj’ngated. more readily than wliero 
these are level ; pieces may be struck off' from it u])on vdiose broader 
faces sections of many corrugations of the mineral layers are exhi- 
bited. Not so, however, when the lateral compression has been long 
subsequent to the metamorpliism. Then not only do wo find evi- 
dence of brecciation in the laminae and veins of quartz &c., but 
also the arched hands of different minerals fall readily apart, and 
the rock, whem hammered, demeans itself in a wholly different 
manner. 

We also meet with abundant confirmatory evidence of the above 
view in examining the microscopic structure of the rock. The mica- 
laycrs have evidently been hcait into zigzags subsequently to their 
crystallization. Sometimes they have gaped, and the aperture has 
been filled by infiltrated quartz or other minerals ; sometimes there 
is distinct brecciation of the mineral constituents and the like*. 
Now in the case of these metamorphic rocks of South Devon — the 
chloritic rock, with its frequent clastic aspect, especially as regards 
its quartz, the mica-schist with its wrinkled surface, and, especially 
at the Bolt Head, its peculiar fracture into prisms with corrugated 
sides, and its wonderful microscopic structure — there is, to my mind, 
every sign that the metamorphism and the great lateral compression 
of the rocks were wholly distinct, and the latter long subsequent to 
the former ; and I believe that any petrologist, accustomed both to 
handle rocks in the field and to examine them with the microscope, 
will be led irresistibly to the same conclusion. 

* I only mention two or three of the most obvious signs. There are others 
familiar to me which I do not mention, because they would require too long a 
digression, in order to convince any but the very few who have made a special 
study of these questions. 
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I incline further to the opinion that the fault at the junction of the 
two groups is a considerable one, and that the slaty series of Tor- 
cross and Hope Cove was not deposited in immediate succession to the 
southern schists. The former are generally composed of extremely 
comminuted materials ; even fine grits are not common, conglomerates 
I never saw. Now the mica-schists esj)ccially abound in quartz- 
veins, and contain layers with fair-sized plates of mica. The former 
would furnish pebbles of white quartz, the latter mica flakes, not 
comminuted, because they would be carried for coushh^rablc distances 
without much attrition. Hence, if the slaty scries deriv(;d much of 
its materials from the neighbouring schists, I should expect occa- 
sional conglomerates of rolled quartz, not unf]-c(iur‘nt micaceous grits, 
and abundant scales of the latter mineral in the muddy beds. Yet 
in only one of the specimens examined (p. l^) have 1 found dis- 
tinctly fragmental (juartz and mica, and the micaceous constituents 
of tbe most satiny slat.(\s or ])hyllit(‘S are so minute as to render it 
very possible that they are endogenous ratluT ihan (‘xogeiious’^. 

The absence of fossils makes it difficult to fix precisely the age of 
the slaty series of South Devon. Dr. Holl regards the Torcross 
group as newer than the Plymouth Limestone, and so fairly well up 
in the Devonian series ; but, at any rate in Cornwall, we can trace 
unmcta.morpliosiHl rocks at least as far back as the Ordovician 
Hcsrios ; so that- W('- may fairly assume any metamorjdiic rock in a 
district so near to be considerably earlier tlianthis gi'elogical jioriod. 
T think therefore that we may safely regard the Sontli- Devon schists 
as Archa;an, and as a prolongation of the a?'m//*so distinctly indi- 
cated in the lizard, to which also helongcd tlu‘ gneiss of the Ed- 
dystone t and those granitoid rocks which furnished the pebbles in 
the conglomerate at the Nare J^int. 

The ph^^sical liistory of the district of which tlu' south-west of 
England is a fragment seems then to be identical with that of many 
other regions Avhieli have undergone groat disturbance from lateral 
pressure. The first stage — a very remote and doubtless very long 
one — was the formation of a great mass of more or less crysttilline 
rock, in which perhaps we may disco voi- tbe usual ])rogression from 
a basal groiij) of granitoid gneisses through more distinctly foliated 
gneisses and strong schists, to a well-bedded and more variable series, 
in which felspar is comparatively rar(>. The next stage, an up- 
lifting and denudation of this mass ; the third, a long period of 
depression and deposition of sediment ; and the fourth, a period of 
continued lateral pressure, Iblding, cleaving, and otherwise modifying 
the rocks affected hy it. To this has of course succeeded, as usual, 
another period, characterized chiefly by denudation, which has lasted 
down to the present time. A physical liistory this, which, with 

* It will bo remembered that in the slaty series of the district N.E. of the 
Lizard, fragments of metamorphic rocks are found \\\ the associated conglome- 
rate. Q.ua.rt. Joiini. Deol. 8oc. vol. \xxix. pp. Vt 10. 

t Si'e for indications of the occurrence ol crystalline rocks in the bed of the 
Channel, papers by Mr. A. ii. Hunt, in Trans. Devon Assoc, vols. xi., xii., xiii. ; 
also by Mr. Peugelly, in vol. xi. p. iJlO. 
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more or less complication, we find in the Scotch Highlands, in 
North and in South Wales, in the Alps, the Pyrenees, and other 
mountain chains. 

The question as to the mutual relation of the members of the 
presumed Archaean rocks of South Devon may be quickly dismissed. 
We have simply to decide whether the chloritic schist is interbedded 
between two great groups of mica-schist, or whether there is only 
one thick mass of the latter, with some thin bands of the same rock 
in the lowest visible part of the chloritic schist. For the reasons 
given above T consider the latter view to be the more probable, and 
regard even the mass of the Bolt Head as simply tlie upper mica- 
schist repeated by an extremely sharp fold, or rather scries of folds. 

If I were to attempt to correlate the South-Dcvon rocks with 
others of Arcbaian age, I could only say that they cannot, in my 
opinion, be referred to the earlier portion of it. In all Archaean 
rocks which I have examined, where there is any thing like a full 
development, the rocks become, broadly speaking, more distinctly 
bedded, more variable in their mineral character, more markedly 
foliated as we ascend. The threefold division mentioned above (I do 
not say that further subdivision is not possible) is veiy recognizable 
in the Alps ; and this — into the group of granitoid gneisses, the group 
of more fissile gneisses and strong schists, and the grou])of vaiiablo 
well-bedded schists — sufiicos for my present pur])ose. The rocks of 
South Devon remind me most of members of the last group. I can- 
not find an exact parallel to them elsewhere in England : but so far 
as lithological evidence (and we have no other obtainable) avails us, 
I should considf.T them to belong to this third group, to be n(>t very 
far away in geological position from the schists of the Lizard, but, 
if any thing, a little more recent. 

The a])ove coJiclusions, if established, suggest one or two infe- 
rences of a more general nature. Ojie us regards the ])hysical history 
of a large adjacent area of country. I have indicated the successive 
changes wliicli tlie rocks of South Devon liave ])robab]y undergone. 
The great period of disturbance — the formation of the boundary 
fault, followed by the folding and the various results of lateral com- 
pression, including, in all, a long series of evejiis— was doubtless 
subsequent to the deposition of the Carhonifci’ous s(‘ries as a whole. 
The flexures &:c. of South Devon form parts of tlie great series of 
flexures, affecting all rocks, belonging and prior to that age, which 
can be traced from Belgium to the South of Ireland. It would seem 
to have been a wrinkling of the earths crust, scarcely l(;ss important 
than that to which the existing Alpine chain is due. We can hardly 
help associating with its phenomena the great granitic intrusions 
and the other igneous masses of Cornwall and Devon, which fringe 
the north of the most highly compressed area, much as granitic and 
felsitic bosses now stud the southern margin of the Alps In short, 

* It may be worth noting the apparent absence of intrusivci igneous rocks in 
the district described in iliis paper. There is a greenstont? dyke near Torcross ; 
but I found no igneous rock in any other place to the soulb of it. Yet in the 
Lizard district, whore the beds are less sharply folded and there is less evidence 
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as perhaps will have been inferred from some of my preceding remarks, 
the phenomena of the district described in this paper are eminently 
those indicative of a mountain chain*. They record more than one 
chapter in the history of mountain-making. T can hardly under- 
stand the production of those great parallel flexures which aflect 
all south-western England, and especially this district — flexures 
whose undulations become broader and flatter as we trace them 
northwards, without assuming the existence to the south of them of 
a great axial mass of much harder rock, to the pressure of which 
these sharper crumplings are due. On comparing a section of 
South Devon with a series of sections across the Alps we cannot 
fail to be struck with the resemblance between them, except that in 
the former we do not find the crystalline nucleus rising up as the 
central mass of the chain, often overt op])ing and apparently over- 
lying the later deposits. But when wc look to the south, beyond 
the South-Devon and South-Cornish schists, wc find at the Eddy- 
stone — we find probably in the shallower parts of the neighbouring 
sea — we certainly find yet further south in tlie Channel Islands and 
on the adjoining coast of France — large masses, projecting from the 
ocean, of much more coarsely crystalline rock. Is it possible that 
these may be the foundation-stones of a great mountain region, of 
whoso outer zone South Devon and South (Jornwall arc the last 
remnants — the relics of a long-vanished highland region of Archcean 
rock ? If so, the mountain-making — at any rate that with which 
we are now concerned — occurred after the C'arboniferous, and prior to 
the Triassic epoch, — was, in short, one of the closing incidents of the 
l^aheozoic volume of geological history. Yet the Channel sea now 
occupies the place whore this range was upraised, and of its ruins 
some fragments only i c'main In slfn t- These remarks may seem to 
belong rather to the poetry than to the prose of science: but I 
think that any one who v iJl spend a few years in studying the 
structure of rocks and of mountain-masses will see that the idea 
conveyed by them is something more than a l>aseless flight of imagi- 
nation J. 

of compression, intrusive igiu'ous rocks abound. This is, of course, what was 
to he e\U(’cled. 

* See also in iliustrat ion of this the sections in Dr. Ifoll’s paper, especially 
fig. 1, p. 4Ut), and fig. 5, ji. 4,‘}8. 

t A thorough study of the rocks composing the Triassic conglomerates of 
Devonshire would give, 1 am sure, most interesting results. Whoever under- 
takes it must bo a resident in Devonshire ; for the field-work will take no little 
time ; he must be a skilled petrologist, or his results will be w’orse than useless ; 
and ho must have a special knowledge of the rock masse.s of Devonshire and 
Oornw'all. Among the many excellent geologists and eiitlinsiastic students of 
the West of England is there no one to undertake this task, and endeavour to 
replace tlie covering which has been stripped from the granitic bosses, and 
rebuild the hills which the sea has destroyed ? 

1 There is another more general conclusion to which I may call attention, 
namely, the importance of ]>rossure as modifying rock structure. Rocks sub- 
jected to much pressure, folded, and squeezed out of shape, appear to undergo 
more micro-mineralogical change than similar rocks when not so maltreated. 
Perhaps it is hardly too much to say that the diflerence between a satiny 
slate or phyllite and an ordinary shale is dne even more to the action of 
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EXPLANATION OP PLATE I. 

Structure imitative of foliation produced by pressure on a stratified rook 
without important mineral change. 

The mass of rock figured is about four feet high. The cleavage-structure is 
vertical ; the bods (of alternating dark mud and jmler silt) are bent into rather 
irregular curves pointing downwards, and are separated as described in the 
text. The paler parts of the figure represent the ‘ streaks ’ and ‘ eyes ’ of the 
silty rock, made somet imes more distinct by aggregations of quartz. 


Discfssion. 

Mr. J. Stakkie Gardner stated that the Eocenes of freshwater 
origin of the south of England were formed from granitic materials, 
and not from flints, the Chalk not being then iipheavod ; and these 
facts seemed to lend support to the author’s conclusions. 

Eev. G. F. WuTDRORNE said that som(‘what similar beds at Hope 
Nose contained the fossils of the Middle Devonian. Ho asked if 
the rocks dredged in mid channel by Mr. Hunt at all resembled 
those of the coast. 

llev. E. Hill asked if the gneiss mentioned by Sir H. de laBeche 
resembled any rock of the Lizard. He agreed with the author that 
the lenticular structure described is such as would be ])roduced by 
the oblique crushing of a mass. Ho stated that in the Channel 
Islands none hut the most highly inetamorphic rocks occur. 

Prof. 1. M'^K. Hegties pointed out the close resemblance of the 
gnarled beds of Prof. Bonney’s post-Areha'an slates to the gnarled 
beds of Amlwch, which he (Professor Hughes) had described as not 
truly metamorphic, but only mechanically altered rock. He thought 
that the lowest ArchaDan ot Britain and Erance was sometimes 
granitoid rock, sometimes schist, and that they alternated and 
passed into ono another, so that no general order could be established 
between granitoid rock and the lowest schists. In Brittany he had 
observed such alternations, especially in the remarkable sections 
along the river liance, near Dinan. 

Ho called attention to the thickening of sediment from north to 
south, t, e. towards the English Channel, in the two groups which 
next succeeded^ the Archooan, viz. the Lower Cambrian and the 
Devono-Carboniferous, and thought that these facts must be taken 
into consideration when speculating upon the probability of the 


presage than to mineral composition or geological age. Such rocks as the 
phyilites of the Ardennes and of the Alps, not to name others; have, as a rule 
little claim to be classed with the true schists— the foliated rocks. They have! 
indeed, taken a step in that direction, but it is only a small one, and their 
alteration should be classed with the phenomena of mechanical rather than 
although the latter has operated to a slight extent. 
Huu, tnough pressure is an important agent, it is not, as these words imply, the 
o y agen , and when marked regional metamorphosis prevails, when we are 
^nsi ering great masses of truly foliated rock (gneisses and schists), we seem 
to require something more. Are we justified in asserting that the other neces- 
q^tly^dono y Archaean times than they have subse- 
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former existence of Archaean mountain land over the area now 
occupied by the Channel. 

Dr. Hicxs objected to Prof. Hughes’s view that schistose rocks 
such as those exhibited alternate with the granitoid series. He 
agreed with the author in referring the Devonshire rocks to the 
newer of the Archaean series. The same succession had been de- 
scribed by Barrois in the North of Spain. 

The Author agreed with Mr. Starkie Gardner that many of the 
materials of the Eocene and also of the Mesozoic rocks were derived 
from granitoid materials. In reply to Mr. Whidborne he stated that 
the rocks dredged by Mr. Hunt in the Channel were generally of a 
much older type than those of South Devon. The so-called 
gneiss near Prawlo Point did not resemble any rock at the Lizard. 
In rejdy to Prof. Hughes he stated that he had never seen 
schists of the type now described by him alternating with granitoid 
rock, and that the two varieties of rock in South Devon, so much 
alike to the eye, yet really so different, formed a good parallel to 
the cases in Anglesey which had so misled Prof. Hughes. 
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2. Notes on Brocohi’s Collection of Stjbapenntne Shells. By J. 
Gwyn Jeffreys, LL.D., F.E.S., 7.P.G.S. (Bead November 7, 
1883). 

Hating lately passed through Milan on my way to Venice, I took 
the opportunity of examining the collection of fossil shells made by 
Professor Brocchi and described in his classical work ‘ Conchiologia 
fossile subapennina’. That remarkable work was published in 1814, 
when the study of palaeontology was almost in its infancy. It was 
based on the Linnean system and nomenclature. 

Giovanni Battista Brocchi was not only a celebrated geologist but 
also a botanist, an entomologist, and an antiquary. His first essay 
was on Egyj)tian sculpture, and was published at Venice in 17tl2, 
when he was only 20 years old. His other works on different sub- 
jects were about fifty in number. In 1802 he was appointed to the 
chair of natural history at Brescia, and he afterwards became 
Inspector of Clines in Lombardy. He died in 1 82G, at the age of 54. 

The first volume of the ‘ Conchiologia ’ contains an interesting 
introduction, an elaborate treatise on the progress of the study of 
fossil couchology in Italy from 1300 to 1 81 1 , and geological re- 
marks on the Subapennine and adjacent formations. The second 
volume is dcToted to the enumeration and description of the fossil 
shells, and is illustrated by 10 well-executed copper ])latos. The 
•‘Conchiologia’ is a monument of careful and conscientious labour, 
and is invaluable to every palaiontologist. 

The collection was shown to me, in the absence* of Professor 
Stoppani, by Signor Francesco 3folinari, ajj assistant at tlio Civi(;o 
Museo of the Beale Istituto, whose courteous attention I am glad 
to acknowledge. I was informed that the collection had been pre- 
sented to the Museum after Brocchi s death, and arranged in 187G 
by Emilio Spreafico, an engineer who had been the author of a 
geological chart of the Ticinese Canton. Such an arrangement of any 
typical collection evidently leads to occasional misjdacement and 
mistakes. Even Linne’s collection of shells, now in the j)osscssion 
of the Linnean Society, was said not to have been kept intact after 
its presentation to the Hociety by Sir J. E. Smith, and it therefore 
cannot be implicitly relied on for the identification of some species. 

There is no question that the study of fossil in comparison with 
living forms is indispensable to a thorough knowledge of any branch 
of zoology in which the remains are preserved, especially as regards 
the MoUusca, Polyzoa, Crustacea, and Testaceous Annelids. 1 fear 
sufficient attention has not been paid to this study in the case of the 
last-named two departments of the Invertebrata. 

In offering the following observations I will refer to the “ Cata- 
logo ed illustrazione delle specie” in the second volume of the 
‘ Conchiologia ’ and to the pages there given. 
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Page 257. Patella sihuosa. 

This is the type of Bronn’s genus Brocchia, The specimens in 
the collection clearly show that they belong to Capulus hwiyarkus, 
Linne, and that they had been originally attached to a species of 
Cassidaria {echinophora or tyrrhena) and had thus taken the impres- 
sion of the ribs which ornament the latter species. The spire and 
apex are precisely the same as in ( 7 . hunyaricus ; and although the 
minute sculpture of that species is indistinct, sufficient traces of it 
remain on some of the fossil specimens. Similar cases of moulding 
OQGUiVLiAno^aia ephippium (as is implied by its specific name), Calyp- 
tnm cMitensift, and other quasi-parasitic shells. Several other species 
of Brocclda have been made by modern palaBontologists out of ( 7 . 
Jiunyaricus in consequence of their having been attached during 
their lifetime to various shells which had a different kind of sculp- 
ture. Professor Biondi described and figured as many as twelve 
species in his ‘Monografia del genere Btoccliia^ 1864. 

P. 258. Patella cokxucopi^. 

A conical variety or form of Capulus himc/ariciis. 

P. 202. Dentalium sexangtjlfm. 

A variety of SipJiodentalhim tetrayonum^ Brc. 

P. 204. JJentalium coakctatum. 

A testaceous Annelid. 

P. 277. Bulla coxvoluta. 

A poor and worn specimen of Cyhehna iimbiUcata^ Montagu, and 
not C. cyllndnicta. Pennant, with which BrocchPs description and 
figure evidently agree. Possibly replaced by a specimen not from 
the collection. 

P. 297. Xerita helioixa. 

Small specimens of Natiai caitna, DaCosta. 

P. B04. Helix nitida. 

Not Ea/lma uitida, Philippi (E. intcrnitdia^ Cantraine), but larger, 
thicker, and more convex. 

P. B05. Helix subulata. 

One specimen shows the coloured bands. Brocchi does not seem 
to have known Donovan’s work on British shells, in which the same 
name had been previously taken for this species of Eulima, 

P. B 19 . VoLUTA BUCCINEA. 

Includes Rinyicula auriculata of Menard and B, ventricosa of J. 
Sowerby. 

P. 339 . Buccieum asperulum. 

JSasm incraamta, Muller. 
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P. 351. TeOCHTTS OINGtTIATirS, 

A broken specimen of T. dzyphinus^ L. 

P. 353. Tnocnirs TUKOiDirLtrs. 

Comprises two species, the smaller of which is T, Montacuti, W. 
Wood. 


P. 353. Trochtjs miliaris. 

A broken specimen of T. milhgranus^ Phil. 

P. 354. Trochtjs crenulattjs. 

T. eooasperatus, Penn. 

P. 354. Trochus obliqtjatus. 

Not Gmelin’s species of that name, but T. turhinatus. Born. 

P. 355. Trochtjs cinerarius. 

Not the Linnean species, but a variety of the last. 

P. 358. Trochus agglutinans. 

Several specimens under this name, including fSolarium mcditer- 
ranmrn of Tiberi. Some ol these, especially younger s]>ecimens 
and one adult, arc urribilicated ; this is not a good character to 
distinguish species of Solar'mm, any more than those of TrocJim, 
Brocchi’s variety of 1\ agglutinam (p. 3()0) is a different species. 

P. 359. Trochus rsEuno-rERsPECTivus. 

Certainly not (as Brocohi suj)posed) 1\ hyhridus of Gmelin, which 
is a very different species of Solarium or of an allied genus. 

P. 366. Turbo exolexus. 

Not the Linnean species, but a variety of Turritclla triplicata 
Brc. 

P. 367. Turbo duplicatus. 

Same remarks. 


P. 368. Turbo acutahgulus. 

P. 369. Turbo spieatus. 

Both are the same species, the latter being the young. 

P. 374. Turbo tricarinatus. 

The slender variety {gracilis) of Turritella terebra, L. 

P. 376. Turbo plicatulus. 

Comprises 5 different species of the Turhonilla or Chemnitzia 
section of Odostomia. One is 0. rufa^ Phil., var. fulvocincta. 

P. 378. Turbo clathrus. 

Eepresented by 3 different species of Sc^ilaria, 
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P. 381. Titebo PusrLLTJS. 

A species of Eissoina, 

P. 382. Tubbo gracilis. 

Two species of Odostomia, allied to 0, lactea^ L., and having the 
tooth-like fold of the typical form. 

P. 383. Turbo terebellatus. 

Includes two species of Odostomia, 

P. 385. Strombus pes-pelecani. 

Mixed with Aporrltdis Serresianus^ Michaud. 

P. 420. Murex vulpeculus. 

Three species of Pleurotoma^ intermixed. One ib P. costata, 
Don. 


P. 422. Murex squamulatus. 

Apparently TropUon miirkatus^ Mont. 

P. 423. Murex echixatus. 

A well-known and living species of iJefraacia^ which is generally 
called retietdata as of llenier ; but Itenier never desciibed that or 
any other speci(;.s named in his * Tavola allabetiea delle Con- 
chiglio Adriatiche.* Mwrex reticidatus of Procchi (p. 435j is another 
species of Defraucla, although unknown as living ; and in strictness 
the name ceJunata ought to be applied to the living species. 

P. 430. Murex oblongus, var. 

Defrancia (/racilis^ Mont. 


P. 435. Murex turricula. 

A species of Plenrotoma, but not P. turricula of Montagu, which 
has priority. The difficulty as to this specific name is removed by 
adopting coutif/iia, by which Brocchi described (p. 433) the same 
species as his turricula. 

P. 437. Murex gracilis. 

The young of Apo)^lidis pes-pelecani, as corrected afterwards in 
the appendix. 

P. 449. Murex granulosus. 

Trif or is perversa, L. 

P. 459. Anomia kpuippium . 

llepresented by eight so-called species. One of them i^A. pdlis^ 
serpentis) had been moulded on a specimen of Cassis undulata, and 
had appropiiated its markings. 
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P. 465. Anomia striata. 

P. 466. Anomia orbicitlata. 

Both are A, patelliformis^ L. ; but A, striata (p. 471) is a species 
Terehratula, 

P. 478. Arca nobulosa. 

Not Muller’s species, but A. laclea^ L. 

P. 479. Arca bybima. 

Young of A. antiquata, L. 

P. 485. Arca oranulata. 

Limojisis pygyiKjeaf Phil. 

P.489. Arca uNBATA. 

P. 492. Arca insubrica. 

Pectunculus nummarius^ L. 

P. 497. 8olen canbibus. 

Unfortunately this has disappeared from the collection, and been 
replaced by specimens of ^ohcurtus antiqnatus, Pultcney ; although 
the label marked “ Bolen candidns ” has been retained. 

P. 515. Tellina cuspibata. 

One valve of Ne<Tra cuspidata, Olivi, and another (much larger) 
valve of N, crlspata^ 8cac(4ii, ^vhich was noticed by Brocchi as having 
been found in the Piaceutino. 

P. 541. Venus bysera. 

Not the Linnean species, but V, fascia ta, iJa Costa. 

P. 543. Venus rabiata. 

V. ovata, Penn. 

P. 548. Venus ruoosa. 

Not Linnes species, but V. maltUamdla^ Lamarck. 

P. 557. Venus incrassata. 

Astarte sulcata^ Da Costa ; var. 

P. 562. OSTRIJA EDUUS. 

Many varieties with specific names. 

P. 574. OsTREA plica. 

Not linne’s species of that name, but his Pecten pesAutree, 

P. 505. Mthlub modiolus ; var. superne ohlique-truncata. 

M. incurvaius, Phil. 
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APPENDICE. 

P. 627. Dei^talittm tetragonum. 

Not 7). quinquangulare of Forbes, or Si 2 )honodentcdmm pentagonum 
of M. Sars. See Part v. of my papers in the ‘ Proceedings of the 
Zoological Society of London/ on the Mollusca of the ‘ Lightning ’ 
and ‘ Porcupine ’ Expeditions. 

P. 666. CaRDITTM rUXCTATTIM. 

A single valve, and decorticated or deprived of the greater part of 
the outer layer. It appears to be C, papillosum^ Poli. 

It would bo impossible to make a satisfactory analysis of all the 
species named or described hy Brocchi, so as to ascertain whicli of 
them are now known to be living, and which of them are supposed 
to be extinct, because thirty at least of all these species are marked 

smarrita ” or “ citazione ’’ on the tablets in the collection without 
any specimens. I’erhaps a similar analysis could be attempted on a 
more extensive scale, as regards all the shells from the Pliocene 
formation in Italy, by a careful examination and comparison of 
modern collections in the University and ])rivate museums by some 
conchologist who was conversant with the living species of the North 
Atlantic and Mediterranean seas. ISuch an undertaking would 
require much time, but would be exceedingly useful to naturalists 
as well as palaeontologists. 

The lines of demarcation between the upper, middle, and lower 
sections of the Pliocene formation in Italy have not yet been well 
defined. At Castrocaro in the Bolognese district the sabbiosa ’’ 
and “ argillosa ■ ' divisions of the lower Pliocene are distinguishable, 
but not the lower from the upper Pliocene, which are intermixed 
like our Coralline and lied Crag in so many places. As a general 
rule the upper Pliocene appears to contain b}' far the greater pro- 
portion of living or existing species and no tropical forms. The 
succession of these fossiliferous strata and of their organisms is 
still to be investigated. It might throw an immense flood of 
light on the difficult problem of the devolution or descent of species 
accompanied by a certain degree of modification or change, which 
is a very different phenomenon from what is popularly known as 
“ evolution.” 

My examination of Brocchi’s collection, as well as of several other 
and more extensive collections of Pliocene shells in Northern and 
Central Italy, has induced me to draw two inferences, viz. — 

1 . That they represent deposits made in comparatively shallow 
seas, probably not exceeding fifty fathoms in depth. The only ex- 
ception seems to be the late discovery of Seguoizia formosa (a deep- 
water shell) in the Valle de Savena. In Calabria and Sicily, how- 
ever, there are deep-water formations evidenced by the nature of 
their MoUuscan remains. According to Manzoni and other palje- 
ontologists the Miocene formation in Central Italv also denotes 
Q.J.G.S. No.157. ^ n 
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shallow-water conditions and is characterized by its abundance of 
siliceous sponges. 

2. That not the slightest difference can bo detected by the most 
critical conchologist between any of the fossil species in the Pliocene 
formation which are now known to be living and their surviving 
descendants, although an incalculably long period of time must have.* 
elapsed. These species are extremely numerous, and exhibit varietal 
and abnormal forms of a precisely similar kind in the same fossil 
and living species. 


Discussion. 

The Prestdent remarked on the value of this revision by Dr. 
Gw}m Jeffreys of the type collection of Jlrocchi. 

Mr. J. Starkie Gakdnek said that it would be of great advan- 
tage if a conchologist with the extensive knowledge of recent forms 
possessed by Dr. Gwyn Jeffreys could undertake the examination 
of the Eocene Mollusca. 

The Author thought that the Eocene !Molluscn were almost 
totally different from the recent forms, and lie doubted whether there 
was one species common even to the Eocene and Pliocene. 



ON THE GEOLOGY OP MONTE SOMMA AND VESUVIUS. 




3. The, Geology of Monte Somma and Vesuvius, being a Study iu 
VuLCANOLOGY. By H. J. Johnston-L AVIS, Esq., M.D., F.G.S., 
&c. (ReadJuno20, 18S3.) 

[Plate II.] 

C(jNTENTS. 

I. External Form and Features of Monte .Somma. 

II. Structure, Stratigraphy, Lithology, and Petrography. 

III. I)(‘nu(lati«>n. 

IV. Explanation and details of Sections. 


I. Exlcrnal Form and Featnrejf of Monte Somma, 

TriE gciicriil form mid outline of !Montc Somma, the relation of the 
cone of Vesuvius ])il('d around the recent eru}>tivo axis, to that of 
the prehistoric otk', have been so often alluded to by various authors, 
that the subject might apjiear exhausted. 

If onto Som7ua is vioAved from the north, for example from the 
bridge tit ^Lu'igliano it ])resents to the view certain characteristics 
of many volcanic cones. Its c istern and western liauks rise from the 
fertile Ctim])a.nian plain at a gradually increasing angle, until at an 
avLTage of ]Ui)0 imdres of altitude, the outline becomes horizontal, 
pi’osonting an irregular crenated ridge. In fact it exhibits that 
svmim'try of form so characleristie of many truncated volcanic cones. 

If the observer has chosem the early morning, the sunlight falling 
obli(juely aeross the face' of the slopes brings out in all the detail 
of sharply cut light and shade, the ravines or valleys with which 
the mountain sides an* scored. 

As the observer winds round the base in a Avcsterly direction, 
the aliove-describod apjiarent regularity disappears. From Naples, 
Avhicli lies A Ciy nearly westof 8omma, tin' line of truncation is seen 
to slo])C from the Ihinta del Aasone I I;i7 metres, the highest point 
.on the northern ridge, to the IVdimentina, 050 metres, the summit 
of the old crater-ridge on the southern side. I'his cuiA'e is concave 
dowmvards, and of irregular outline. It marks the edge of the 
great crater that Avas excavated by one, or a series of eruptions, 
which culminated in llie first historic one, or that of A.n. 70. 

Rising from within and aboA’C this curved and inclined ridge, is 
the Vesuvian (ione. 

It has been asserted by some Avriters on the subject, that Vesuvius 
is exactly concentric with Monte 8omma. A little investigation, 
aided by the largo ncAV contour-map, aauII, I think, convince us to 
the contrary. It may, hoAvever, lie noticed that the summit of 
Vesuvius ( /. e. its ei’uptivc axis), by measurement, lies about midway 
betAveen the two extreme north and south limits of the great crater 
of the A trio del Cavallo, We may t herefore consider the modern 


* This town lies about 11 J kilometres north of the present eruptive axis, or 
crater, of Vesuvius. 
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0<me to be concentric within the old crater, and consequently to have 
the same eruptive axis. This method is not so easily applicable if 
used on a line east and west, since there are many irregularities 
produced by lava and ash of modem date; but as far as possible the 
evidence is confirmatory. 

There is very good reason to deny the concentricity of the great 
crater of the Atrio with the original cone of Monte Somma. If within 
a cone we scoop out an inverted conical hollow around an axis 
eccentric, but parallel, to that of the solid, we shall have the included 
space bounded by an annular ridge, not horizontal, but sloping down 
in the direction of the axis of excavation, and inclined proportionally 
more, the further the axis of excavation is removed from that of 
the solid. 

It is just with such a condition of things that vre have to deal in 
the present instance. If we measure the distance of the modern 
eruptive axis (i. e. the centre of Vesuvius), from, say, the 050 metre 
contour-line on the northern slope of Somma, and compare it with 
that of the same line on the south, we shall find that this axis is be- 
tween 850 and 950 metres to the south of the centre of the contour- 
lines of the ancient 8omma. In a regular cone, such as we sup]) 08 (^ 
this ancient volcano to have been, the centre of the contour-line 
would be the eruptive axis of the mountain. 

From these facts we must conclude that although the eruj)tions 
that excavated the great crater of the Atrio, and subse(]uently i)iled 
up the cone of Yesurius, occurred from the same axis, this was ncarlv 
a kilometre to the south of the ancient one, of the ])rimary cone 
of Somma. 

It seems also that the modern axis is slightly displaced to the 
west of south ; but from the obscured features of tlu^ ground the 
exact amount cannot be accurately measured, although it was liardly 
south-west, as thought by Prof. I'hillips. 

This change in the position of the eruptive axis appears to be the 
most rational exidanation of tin' great difference in height of nearly 
500 metres, between the southern and northern ridge of Monte 
Somma. 

lireislak * endeavoured to explain this lower truncation to the 
south, by supposing that the vast mass that would fall back into 
the crater after the; first explosion might ]>e such as to caiis(‘ the 
following one to search the weakest ])oint, w hicli would be to the 
south. 

If the igneous forces w(Te able to elevate the great mass of ejected 
materials in the first instance, they would hardly he directed 
obliquely by that portion in a fragmentary condition which would 
fall hack again. That any amount of blocking, even l>y a solid com- 
pact mass, would he capable of causing .590 metres of a mountain's 
side to be carried away, whilst the eruptive force could not again 
lift that filling up the aperture, hardly seems probable. But such a 
plug could not he one solid coherent mass, from the fragmentary 
nature of its components, and it would therefore allow the gas or 

* Voyages physiques et lithologiqnesdans la Campanie/ 1801, p. 132. 
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vapour to find a passage through it, which in escaping would carry 
the smaller fragments with it, and, depositing them on the outer 
slopes of the cone, would very soon clear the vent. The larger 
masses, if too great, would be subjected to such powerful grindmg 
movements that they would soon be reduced to liner fragments, and 
would then gradually be ejected. It also presupposes only one 
paroxysmal eruption as the cause of all this great cavity, whereas 
a number did the work piecemeal. Phillips * accounts for it by 
considering the southern side of the mountain weaker, as proved by 
all recent lateral eruptions, which burst forth from that portion. 
It seems that there is no reason why one side of the mountain 
should be weaker than another. This tendency of dykes to reach 
the surface first on the south side is undoubtedly due to the modem 
eruptive axis being in much closer vicinity to it. 

Von Buell’s t opinion of the matter is much the same, except that 
he is trammelled by his pet hypothesis. 

The mention of the southern side of Monte Somma as being either 
the lowest or weakest point is assuming a condition as necessar}’ 
which it is intended to explain. 

Even in that unique and peculiar volcano the Puy de Chopine J , 
near Clermont, if the eruption had been as violent in character as 
some of those that excavated the crater within Somma, the obstruct- 
ing mass of granite would have been carried away. 

A change of eruptive axis is a thing not at all uncommon, and 
dozens of examples may be given ; but two remarkable ones of the 
Italian group Etna and Volcano are sufficient §. From day to day 
we may see the same process going on, on a smaller scale, in the 
crater of Vesuvius. E\ v ’. now the vent opens right away in the 
E.N.E. corner of the 1872 crater. 

Some authors 11 have supposed that the principal part of the Vesuvian 
cone was thrown up hy the eruption which destroyed Pompeii. Be- 
fore accepting such a theory, it is worth while considering some 
general facts hearing thereon. 

Let us imagine the condition of affairs towards the termination of 
the Plinian eruption, which had pared the sides, and cleaned out 
the bottom of the great crater of the Atrio del Cavallo. The centre 
of Somma was then occupied by this vast conical hollow which had 
been cleared out by explosions that Avere eapable of carrjring lapilli 
from 50 to JOO grammes in weight a distance of 22 kilometres, 
and depositing them on Mt. St. Angelo, nearly 1000 metres higher 
than the lower edge of the crater. 

Vesuvius, 1809. 

t ‘ Description physique dos iles Canuries.’ Traduit par C. Boulanger, 1836. 

I Scrope, ‘ Volcanos,’ 1822, p. 71. 

§ Lippi pointed out many years since the remarkable fact that all the prin- 
cipal Italian volcanos, as Koccamonfiua, Ischia, Vesuvius, and others, showed 
great craters truncated lowest to the seaward (‘ Geologia volcanica della Cam- 
pania del Dottor Nicola Pilla.’ Naples, 1823). The same has been observed in 
other districts; see Charles Heaphy “ Volcanic country of Auckland, New Zea- 
land,” Quart. Journ. Geol. Soc. vol. xvi. p. 244. 

II Palmieri, ‘ II Vesuvio e la sua Storia,’ 1880, p. 9. 
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We may arrive approximately at a conception of tlie enormous 
space and depth this great crater had, by comparing it with the one 
produced by the eruption of 1 82:2, a space calculated at one kilo- 
metre in diameter, and variously at from 300 to 700 metres in depth. 
Tt was drilled through lava, scoriae, ash, &c., identical in composition 
with those of the ancient Somma. 

Comparing these measurements with the diameter of the crater 
in A.n. 79, at, say, the 650-metrc contour-line, the altitude of its 
lower edge, which was three kilometres, we may estimate the dc^pth. 
Such a diameter calculated with the median depth of the 1 S22 crater 
as 500 metres, would show that of 79 to have been between 800 and 
900 metres below sea-level. We thert'fore see that all the ejecta- 
monta derived from the crujdions since the commencement of the 
Christian era are not represented by the mass of the Yesuvian cone, 
but also by another cone, inverted, whose l>ase is now the plain in 
the Atrio, and whose apex must be more than 1500 metres b(‘low 
its base. 

If the Plinian eruption had formed th(‘ greater ]iart of the pn'sent 
Yesuvian cone, it must, besides the materials that cover Pompeii and 
the mountain slo])es in that direction, have c'jectt'd sufficient also to 
Ibrm a cone twice tlie size of that of Yesuvius. to fill up the great 
crater, and upon the base of this, another ai least half the size of 
that now visible. 

When we look at the question in this light we can hardly sup])os(‘ 
that any thing like a cone of eruption -was visible above the edge of 
the crater after this Plinian eni])tion. 

We shall return to this question raoi’e than once as confirmatory 
evidence is brought out by other facts. 

If we speculate for a moment on the results of such a hollow as 
we have shown this groat crater to have been, we may ])OSsil)ly find 
that some difficult facts are cleared up, and an explanation given of 
that much disputed question, the eruption of mud and wat(T. 

Taking a volcano, such as Yesuvius in its present active state, 
let us endeavour to examine the conditions which must exist 
amongst the components of the base of the mountain below sea- 
level. 

From artesian wells sunk in the neighbourhood, and from the 
surrounding geology, it may he learned that this volcano reposes on 
a considerable thickne^ss of highly porous strata, through which 
water can percolate with great ease and rapidity. Only a thickness 
of six or seven kilometres of such materials separates the fluid 
magma occupying the chimney, from the open sea. The question 
therefore arises, what are the consequences of the necessary contact 
of the molten rock with the water disseminated in the porous walls 
of the volcanic chimney ? This is assuming conditions not differing 
from those lately put forward by Prof. Prestwich. 

The natural tendency of the water in immediate contact with the 
heated magma would be to flash into steam, wffiich is prevented by 
the pressure of the superincumbent materials. In such a way we 
in all probability have a gradual intervention of water at various 
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temperatures between that of the fluid, igneous matter, and the cold 
ground- water. 

This is ■ certainly somewhat at variance with our knowledge of 
the critical point of water ; but all must admit that laboratory ex- 
periments may fall far short of the conditions that exist in nature. 
The presence of water enclosed in the cavities of quartz in granite^ 
seems to demonstrate the possibility of its existing in a liquid 
state at very high temperatures, provided the pressure is sufficient. 

Let us, how^ever, suppose the critical point of the liquid state 
of water to be passed, — the interstices of the porous materials in 
immediate contact with the lava would 1)e filled by the steam, and 
thus ])rcvent the further access of the cooler liquid. In fact, as we 
shall see later on, a gradual absorption of such water may be going 
on by the incandescent rock, Avhich Avater escaping, may form the 
principal part of the vapour rising from the volcano. If such liquid 
])e derived from the sea, the liberation of those salts may take place 
that gave rise to the theory of marine infiltration being the actual 
cause of volcanos. Without continuing for the pr(‘^ent a more exten- 
sive consideration of the subject than is necessary to our argument, 
itmay be mentioned that what has be(m said is not su}>])oscd to support 
or cemtradict any doctiine of viiloanicity. it would in fact be safer 
to consider these as purely superficial phenomena, quite independent 
of those Ihr more extensive primary causes of the erujition of igne- 
ous matter, whatever they may be. 

AMien, however, tlie conditions are changed from a tube filled with 
molten rock reaching far above sea-level to a deep cavity 850 metres 
below that line, from wliich is escaiung at high pressure a column 
of vajiour and gases, carrying w’ith it fragments of pumice and 
other rocks, we should look for diflerent results. We should ex- 
pect that water would enter from all sides of the lioUow to be im- 
mediately carried upwards in a pulverized state, mixed with the 
finer i)umiceous dust, widl suited to set as a fairly hard mass such 
as forms the latter part of the materials ejected hy the Plinian 
eruption. 

The rush of vapour throiigli the chimney would probably accele- 
rate the influx of water in an analogous manner to that b}’ which 
the liquid rises in the supply-tiihe of a vai)orizor by the blast of 
air crossing its extremity. 

As the eruptive activity diminished, the volcano would assume 
a submarine character, so far as the eruptive vent was concerned, 
somewdiat like the island of Santorin. It does not seem very im- 
j)robal)lc that from time to time there were more powerful spurts 
consisting of a mixture of fine matter with water, so as to form mud. 

8uch humid material deposited in large quantities, especially on 
the outer edge of the crater, and rendered more ii(iuid by the 
torrents of rain derived from the condensed vapour, would form an 
immense accumulation of the so-callcd “ lava d’ acqua,” which would 
sweep down the flanks of the mountain. On its arriving at any 
obstacle, such as a town like Herculaneum, this would be over- 
whelmed in a natural cement, that must almost immediately set 
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into the hard mass we now see covering that town and the neigh- 
bourhood. 

Exactly similar circumstances attended the eruption •of Monte 
Nuovo in which the crater bottom is now only a little above sea- 
level. It is possible that part of the first violence of the outburst 
of a volcano may be due to the meeting of the incandescent rock 
and highly aquiferous strata near the surface, as the former gradually 
rises in the vent. Such conditions are somewhat analogous to the 
violent explosion that occurs when lava flows into a well of water. 
In the same manner the latter part of a paroxysmal eruption might 
vary as the rising incandescent matter battled with the unlimited 
inpouring water from the walls of the chimney. 

There is no doubt that in the latter part of a paroxysmal eruption 
the volcanic forces can no longer hoist the ojectamenta beyond the 
crater-rim, and therefore they would fall in again and go towards 
filling up the hollow. It must be remembered, however, that it is a 
generally recognized fact that paroxysmal eruptions do not spread 
their decrescence over a long period of moderate activity suitable 
to the formation of a cone of eruption, in which category Vesuvius 
must be placed in its relation to Somma. 

In the accounts of all the great known paroxysmal outbursts, the 
• resulting crater has rarely possessed a cone of eruption occupying its 
bottom. Even admitting such to have been the case in the present 
instance, the subsequent eruptions, as wo shall see, must have done 
much to destroy any eruptive cone. 

Another question that presents itself to one’s mind is, What was 
the original form and height of Monte Somma ? 

Erom the remarkable similarity in the lavas and their fragmentary 
derivatives, and their arrangement in the oldest sections of the moun- 
tain, there is every reason to suppose that, like those of Vesuvius, 
they were ejected under similar conditions and produced quite as 
regular a cone as Vesuvius, having the same inclination of its flanks. 
This was interthreaded by radial sheets of lava, which, cooling as 
dykes, strengthened the great mass, just as was seen in the section 
of the 1 crater by Mallet. 

An idea of this prehistoric cone may be obtained by the following 
method. 

Construct upon a base which sliall be any one contour-line, a cone 
whose sides are inclined at the same angle of rest as that assumed 
by the products of Vesuvius. The height of the mountain will be 
equal to such a cone, plus the height of the contour-line used for 
the base. 

Take a correct outline of the whole mountain and continue 
curves from the peak of Somma and the Pedimentina parallel to the 
corresponding slope and irregularities of Vesuvius. 

short time the fire increased to such a degree that it burst open the 
earth at this placj, and threw up so great a quantity of ashes, pumice mixed wit h 
water, as covered the whole country; and in IS'aples a shower of these ashts 
and water feU great part of the night.” — Marco Antonio della Falconi, ‘Dell’ 
Incendio di Pozziioli,’ 
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By both of these methods we get results very near the calcula- 
tion of Prof. Phillips, who estimated the height at 7000 feet. 

II. Structure : Stratigraj^Jiy^ Lithology^ and Petrography, 

Era of permanent activity, — A geologist who studies a volcano 
may depend on various methods lor obtaining information. First, 
examination of the surface ; secondly, examination of various sec- 
tions ; thirdly, examination of component materials, as : — 

(a) Within the crater ; 

(5) Ravines scoring the slopes of the cone ; 

Ip) Irregular sections, cut by marine or subaerial denudation ; 

{d) Structure and dip of neighbouring rocks ; 

(«) Ejected blocks ; 

(/) Artesian wells and other artificial sections. 

In the study of Monte Somma we shall call in all these, except 
those under the heading (r). We must include also the chemical and 
microscopical researches, and their comi)arisoii with recent materials, 
the result of observed and known phenomena. 

The most convenient order we can follow is to attempt to become 
acquainted with the rocks upon which the volcano reposes, and to 
trace its development from its first appearance up to the present 
time. 

The position of Vesuvius has been so often described that it may 
be passsed over in the following words. 

The Campanian jdain extends from the foot of the limestone 
range of the Apennines to the sea-coast, both of which run parallel. 
The main axis of the Apennines sends off a branch nearly at right 
angles, which extends across the plain and juts into the sea, forming 
the Cajic of Sorrento and the Island of Capri. Opposite the angle 
of junction of these two ridges rises this volcano, with its majestic 
curves from the Campanian plain, forming the most southern member 
of the chain of vents on the western side of the Italian peninsula. 
The nearest exposures of limestone to the east are distant about 
ten kilometres, and to the south about eighteen. At this latter 
point the limestone dips under the Tertiary plain and does not 
reappear until after the Campi Phlegraei. This limestone has been 
encountered in the artesian M^ell at the Royal Palace at Naples, at a 
depth of 480 metres. We have good reason to suppose that under 
Vesuvius it is not so tar from the surface-level. From our calcula- 
tions of the great crater of the Atrio del Cavallo, its probable depth 
was 850 metres ; we may therefore easily explain the large amount 
of altered limestone in the ejectamenta, as probably derived from 
the last 500 metres of the craterial hollow that was drilled through 
this sedimentary rock. 

Near the Cape of Sorrento (Campanella), the Cretaceous Apen- 
nine limestone is overlain by the Eocene Macigno, which consists 
chiefly of concretionary micaceous sandstones and marls ; it is absent 
in the immediate vicinity of Vesuvius. In the well at the Royal 
Palace of Naples these deposits were met with at 433 metres, being 
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therefore 47 metres thick. It would not seem that these exist be- 
neath the volcano, judging from the ejected blocks, although perhaps 
a few peculiar and rare varieties may bo the metamorphosed deriva- 
tives of this Macigno. 

In the artesian well already alluded to, overlying the last, are 
215 metres of marine deposits consisting of bituminous and ligni- 
tiferous sands and marls, micaceous towards the bottom. The mica 
is probably derived from the underlying Macigno. These beds are 
fossiliferous, the shells being all of recent species (I am told). 

An examination of the ejected blocks and fragments of foreign 
rocks, especially from the beds Phase III., Period 2, and Phase 
YI., Periods 1 and 4, show many of them to be in all respects 
similar to the rocks met with in the well-section. The fossil con- 
tents of these ejected blocks have been examined by I’rof. Cluis- 
cardi and out of between (JO and 70 species, only one is unknown 
in the neighbouring seas, showing the very recent date of these 
deposits underlying Monte 8omma. 

In the Poyal-Palace wellf the u])per 182 metres consisted of 
pumice, tufa, fragments of trachyte, and other volcanic ejectamenta, 
co'Htaining marine shells. This is confirmed by two other ^^'C‘ll.s, one 
at the Piazza Vittoria, where 28o metres of this volcanic debris was 
pierced, and another lately bored at Chiatamone, which I watched 
through 180 metres always in similar materials. It is situated at the 
foot of the escarpment of Pizzofalcone, eijual to another 70 metres 
of tufa. 

Wo have, therefore, underlying the Cam])finian plain in the 
immediate vicinity of ^ esuvius and resting on Secondary limestone, 
three distinct formations, viz. : — Eocene sands and marls ; Pleistocene, 
non-volcanic, calcareous sands and marls; and above a series of 
volcanic deiiosits, chiefly of marine origin. As the volcano ue are 
studying rej) 0 se 8 on these beds, its ])irth must have taken i)]acc in 
the latest geological time, long after other vents in its neigh- 
bourhood. 

We often read in works treating of Monte Somnia and Vesuvius 
that “the lower ])arts or “base” consist of tufa, and also 
that this tufa is identical with that fonning the ])lain and other 
volcanic hills in the neighbourhood. In the first instance', if wc 
understand these two cxi)ressions to mean the toci of the monn- 
tain, which is of comparatively recent origin, then such a state- 
ment is perfectly correct. On the other hand, if the base or early 
part, or skeleton, of the volcano is imjdied, as is evident by sections 
given and also from the context, then we must refuse to accept such 
statements as true, since we have no evidence whatever to depend 
upon. Besides, the earliest lavas &c. that can be seen in the section 
of the Atrio are exactly similar to the latest products of eruption. 

* Fauna Fossile Vesuviana. 

t I must offer my sincere thanks to Monsieur Chartier, of Naples, for his 
kindness in placing at my disposal the working reports of these wells, and for 
permission to examine part of his largo and valuable collection of subterranean 
geological specimens. 
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It would of course be unfair to deny the possibility of such state- 
ments, but it is still more so to assert it without evidence. The error 
seems to have arisen from supposing the pumice-tufas to be older de- 
posits broken up ; whereas they were new materials brought directly 
from below, as will be shown at a later stage. These light ejecta- 
menta were spread as a mantle over the flanks of the cone, but were 
afterwards transported to lower levels, rendering the upper part of 
the mountain bare, whilst the resulting alluvial deposit thickened 
around its toe. 

The true order of succession was fully recognized by Breislak and 
Von Buch at the beginning of this century, whereas inversion of 
the order is the W’ork of recent authors *. 

Neither is there any evidence to show that the trachytic beds of 
the Campanian jdain have been raised to form the basis of the 
mountain, as stated by I*hillips f. 

Another fact of imj)ortanc(} that will he brought out is, that the 
])umiceous deposits of the inoimtain are not trachytic. as generally 
supposed. 

The tufa of the Campanian plain is for the most part submarine, 
as proved by tlie enclosed !Mollusca, and, as we have seen, of greater 
antiquity than Monte Somma. Many of the volcanos which pro- 
duced these tufaceous deposits were no doubt submarine ; whilst 
others stood out at sea, as so many islands, like the present Lipari 
group. The currents of tlie sea that then waslied tlie toe and inlets 
of the Ai)emiines, swept along the ejectamenta of these eruptive 
vents, and spread out upon the sea-bottom those tufa-beds we now 
see above the surface. 

V'heii the vent th . 1 was eventually to build up Monte Somma 
and Vesuvius burst through these earlier igneous materials, was it 
below or above the waters of the ^Mediterranean ? 

AVo have her(‘ brouglit before us a question tliat presents some 
difiiculties. At Cisterna. leucitic lava of prehistoric age is quarried 
down to drainage-level, wliich is very slightly above that of the sea, 
for which reason tlie bottom of the flow has never been reached. 
When w'c come to consider that, from its nearness to the surface, 
this must be one of the latest streams that was poured out from 
!Monte Somma, it would seem self-evident that beneath this one 
there must be many more currents which flowed into at least 
shallow water. Ihe onl}’ other explanation that could be given 
would he gradual depression, a phenomenon quite contrary to all 
the geological evidences of the district. Breislak brings forward 
similar proofs. He mentions that in the villages of St. Elmo, 
Sirico, and Haviano, it is necessary to dig down to lava before water 
is found, and he thinks this evidence is in favour of the insular 
character of the mountain. 

We may safely suppose that the first fires of this great volcano 
were vomited into the sea, that gradually it raised its head above the 

J. L. Lobley, ‘Mount Vesuvius, with a notice of the eruption of 1868,’ 
[ip. 32 and 33, also soeiion, p. 24. 

t Vesuvius, 1809, p. 190. 



44 


H. J. JOHKSTOir-I.AVI8 ON THE GBOLOGT 


waves, and perhaps may not have been dissimilar to Stromboli. At 
the same time gradual elevation was going on, aided partly by the 
products of some of the neighbouring vents. 

The tufas underlying Monte Somma are proved to be of earlier date 
by the absence of leucitic rock-fragments in them. 

Of course these statements must be taken for the present as sug- 
gestive, and must necessarily either break down, or be confirmed by 
further evidence ; but they furnish the most rational explanation, 
so far as facts are forthcoming. 


Scheme of the Eruptive Activity of Monte Somma and J^esuvius» 
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Pha.se I. 


Era of Permanent activity. 

^ The nearest approach that a geologist can make to the earliest 
ejectamenta composing the mountain is by means of the great 
craterial section of the Atrio del Cavallo. The lowermost beds of 
this escarpment present to us de})osits that must have formed the 
surface of the cone, when its height could not have exceeded 1800 
metres in its completeness. Below this we cannot obtain any direct 
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evidence of the innermost or earliest structure and composition, ex- 
cept by the indirect method of examining the ejected materials, 
which we shall do at a later period. 

The splendid section of the Atrio del Cavallo, 320 metres in 
greatest depth, and above 5 kilometres in length, has been the great 
attraction, and studied by many eminent geologists, as Hamilton, 
Breislak, Von Buch, Monti ceUi, Scrope, Diifrenoy, Daubeny, Hum- 
boldt, not to speak of Phillips, Scacchi, Mallet, and others in more 
modcrnd ays. 

What we may see for ourselves, and what wo learn from the 
writings of these careful observers, is that we have exposed in this great 
section a series of lavas and their derivatives, scoria, sand, ash, &c., 
interlaminated and piled one above the other in the order in which 
they were ejected. T^ow, as already remarked, if we compare the 
crater of Vesuvius in modern times with the prehistoric one of 
Somma, the exact resemblance of the two is sufficient to prove the 
similar conditions under which both were formed. From such facts 
we are led to conclude that the early eruptive phenomena were very 
nearly, if not exactly, like those going on before our eyes at the 
present day. 

The lavas of the hundreds of streams piled one above another 
and sectionized in the Atrio exhibit a great variety, within certain 
limits, as noticed by Von Buch*. Without any apparent order we 
find mixed together lavas with large leucite crystals a centimetre in 
diameter, and others in which this mineral is only discernible by 
the microscope. Some have a uniform grey matrix, which may be 
broken by crystals of either pyroxene or olivine, or of both together. 
In others, again, the three principal component minerals are largely 
developed together. The labours of Zirkel, Ilosenbusch, Clifton 
Ward, Haughton, Hull, Fouque, and Lev}% go to show that there is 
a great resemblance between these ancient and the modern historic 
lavas. 

There is a popular idea afloat that the ancient lavas are charac- 
terized by large crystals of Icucite. Let us see the cause of this 
error. 

Most rock specimens that are chosen to represent these lavas are 
taken from those currents which show the crystalline components 
well developed ; and secondly, from age, this mineral has been partlv 
kaolinized, which results in the change of colour from grey to 
white, so that the latter contrasts strongly with the dark matrix. 
On the other hand, although Ike crystals of leucite are of considerable 
size in recent lavas, as that of 1858, their colour so nearly resembles 
that of the rock mass that they are almost invisible. An examination 
of an extensive and fairly collected series of rock specimens, will show 
us that on the contrary the majority of the flows are fine-grained, 
especially with regard to the leucite crystals. The most constant 
of porphyritically enclosed crystals are those of pyroxene, much as 
in the lavas of 1631, 1794, and 1872. 

* ‘Description physique des lies Canaries,’ 1836. Traduit par 0. Bou- 
langer, p, 339. 
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One of the most beautiful examples of the parallelism between ])a8l 
and present is to be seen in the Vallone Genzano, and its next fellow 
to the west. A lava stream has been quarried into, showing a section 
of the flow, which is covered by a rolled and corded surface exactly 
like what we see on that of 1858. The old one looks quite as 
fresh as the modern, although the former is buried by thick beds ol 
pumice and tufa of great antiquity. Such perfect preservation of 
flow-surfaces of prehistoric lavas of Somma is by no means un- 
common, and there is hardly a valley without at least one or two 
examples. 

As in the escarpment of the Atrio, so in the valleys, especially the 
deeper ones, on the slopes, we have the same superposition of lava 
streams and their fragmentary equivalents, sometimes in such 
abundance as to be uncountable. Lyoll remarked the fact that 
especiall}^ in these valleys the sections showed one set of deposits 
resting unconformably upon the denuded surfaces of those of 
another. It must be remembered, however, that this is much more 
common near the base or toe of the mountain than higher up, ns 
would naturally be expected. This erosion seems never to }iav(‘ 
been very extensive, and is no proof of intermittence of eruptive 
activity ; since often long periods intervene between one viohmi 
eruption and another, giving time for considerable erosive action on 
such incoherent materials with a highly inclined surface. 

Of the great lava-llows that have reached lower levels or th<‘ 
plains, most arc more or less decomposed at their surface and for 
some dei)th beneath it, so that the leucite is kaolinized and tlie rode 
reduced to a crumbly mass, which if the stream betliiii will involve 
the whole of its thickness. Good examples may be seen at Cistern; i 
and near the Pension Soloil beyond Pomj)eii. 

The section of the Atrio del Cavallo is described by Scacclii i 
thus : — “ The aggregate is composed of volcanic sand, fragments of 
the same kind of basalt that forms continuous masses, and often of 
loose crystals of augite. At some places it a])pears to have be('!) 
exposed to high temperature at a later ])eriod, so that its e](‘m(‘lltar^ 
parts are fused together, and thus it is difficult to distinguish froii: 
the rock intact.” We have here an accurate descrij)tion com- 
prised within a few words. At the lower and central ])orti(>ii 
of the section tlie fragmentary materials are so comjdcdely and 
firmly ])ackcd together by beat as above descril)ed, and also no 
doubt by pressure, that the rock is (juite continuous in structure, so 
much so in fact, that in breaking out a s]»ecimon th(^ fracture' passt's 
regularly through the mass. Tlie origin of the mate^rials, how(‘Vi*r, 
is exhibited by the difference in colour, vesicularity, and crystalliza- 
tion of the components. 

The difficulties that would arise in determining the origin of sucli 
a rock, if exposed to altering andraetamorpliosing influences during 
long periods of time, may well be imagined. Many of the ancient 
English volcanic rocks present such enigmatical examples. 

* ‘ Principles of Geology/ 1872, p. 03G. 

t ‘ Lezioni di Geologia,’ Napoli, 1843, pp. 1G8 and 169. 
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The dykes of Monte Somma that thread through the mass of the 
section of the Atrio in great number, have received special attention 
from Ereislak*, I^eckerf, ScropeJ, Lyell§, and MaUet ||, to whose 
statements little can be added until a complete examination of their 
chemical composition and microscopic structure has been made. 

One peculiarity, however, of important bearing on a point about 
to be discussed is, that nearly every dyke is clothed with a layer or 
saalband of vitreous structure which graduates into the cr^^stalline 
interior, but rarely exceeds one or two centimetres in thickness. 

Lyell % remarks that the dykes are not seen on the outer slopes 
of the mountain. This is certainly the case, and for it there arc 
many reasons ; but space does not permit of discussing them here. 
There are, however, exceptions. Tor instance, a large one that is 
seen almost perpendicular in the section of the Atrio can be traced 
over the ridge and is exposed for some distance on the outer slope, 
where it traverses obliquely one of the great valleys just east of the 
Punta del Nasone. 

"With the excepiion of the saalband these dykes are composed of 
materials apparently almost identical with those of most lava-streams. 
Put they are generally more compact, except at the upper extremity 
near the old surface, where in some cases they are highly vesicular, 
especially in the middle. This condition seems to be explained by 
the small pressure existing allowing the aqueous matter of the un- 
cooh'd or central part to set)arate in the form of distinct bubbles, as 
in soda-water on removal of the cork. These bubbles were unable 
to escape entirely from the viscous state of the cooling rock, and 
remain behind so as to ^^ive the rock a cellular structure. This 
shows that the water \\'as still in combination with the magma at 
the low er part of the dyke where no bubbles had formed. 

So far w’e must regard this volcano as having burst through 
various sedimentary strata and volcanic tufas which, except as 
composing the basement or platform for the mountain, form no in- 
tegral i)ortion of it. So far as can bo ascertained by the legitimate 
methods of investigation of the geologist, this ancient tufa differs 
entirely from the old leucitic rocks of ^lonte 8omma^*. 

The regular superposition of materials, little differing from each 
other, and the regularity wdth wdiicli they were deposited without any 
physical evidence of a great break in time, so far as we can obtain 

*• ‘ Voyages phy8i(]ueM ot lithologiques dans la Oampanie,’ LSOl. 

t “ Mem. sur le inont Somma.” Mem. de la Soc. de Physique et d’Hist. 
Nat. de Oeneve, 18:^8. 

t ‘ Volcanos,’ and ISdS. 

§ ‘ Principles of Geology.’ Different editions. 

11 Quart. Joiirn. Geul. 8oc. v(‘l. xxxiii. 

^1 ‘ Principles of Geology,’ 1872, p. 136. 

** I must ex])ress great timidity in employing any special name for these 
leucitic rocke. They Ino e been so variously classed and named by different 
authors that although one may have a clear notion of their composition, yet it 
is difficult to decide what- term to use for them. As wo sliall have continually 
to refer to them in our description, Leucilitc will be used, simply for the sake 
of brevity, and must not be taken to have any other meaning than either a 
leucitic lava or dvke rock of this volcano. 
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iziformation from the sections, point to one important fact. This 
evidence, compared with the results of phenomena of the same 
volcano daily passing before our observation, must make us con- 
clude that the early phenomena of Monte 8omma were identical 
with those of Vesuvius at the present day, and since a.d. 1631. 

At a time, probably many centuries, before the earliest history of 
Italy commenced, Monte Somma became apparently extinct. 

It is possible that before this long but temporary extinction an 
eruption may have produced a crater of some considerable size ; but 
one is inclined to doubt it for the following reasons. At the lowest 
levels where sections exist, and where the prehistoric lavas are 
covered by loose scoriae, these have always moderately fresh surfaces 
and seem to belong to permanent activity. There are no breccias 
such as would be derived from the spreading of the debris of a crater 
on the flanks of the cone. It is true that the objection may be 
raised, that such materials may have been swept away by denuda- 
tion. The loose scoria, where uncovered bj^ lava flows, would cer- 
tainly have disappeared also, yet it presents no features of being 
disturbed in any sense. A period of inactivity must have su])er- 
vened, sufficiently long for the igneous magma to have entirely 
changed its character, as the subsequent pumice eruptions show. 

What was originally ejected as a highly crystalline leucitic 
basalt, principally in streams of lava, became converted into a 
vitreous paste, surcharged with water vapour, causing violent ex- 
plosions and the ejection of the igneous magma in a fragmentary 
condition. 


Phase II. 

That there was a period of quiescence is confirmed by a vegetable 
soil that was formed and reached some distance up tlie mountain. 
The scene then must have been grand — the majestic single cone with 
its purple brown slopes wreathed by a rich virgin vegetation. 
Sections showing this old plant-surflice may be seen in the Vallone 
Sanseverino and the lower part of the Vallone Prcislak, where we 
see at the base of the section there exposed, dcjjosits composed of 
leucilitic scoria capped by a fine yellow dust-bed, having all the 
characters of an old vegetable soil. 

Its components are derived from the subjacent materials. The 
few lava fragments it contains are much decomposed, showing them 
to have been exposed to vicissitudes of tem])erature and humidity, 
such as their exposure at the surfhee would render them liable 
to. In this case the bed is about 4U centimetres thick. Similar 
conditions I have met with only at the lower part of the mountain 
where the inclination is slight, thus being favourable to the collec- 
tion and retention of materials suitable to the growth of plant life. 

As alreadj" said, these facts combined with other evidence point 
to a period of complete tranquillity between the last era and the new 
one that was soon to be ushered in. 

Overlying the lava, in the Vallone Pictri Pomice, are to be seen in 
section 5 metres of water-worn breccia, showing that denudation 
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had boon at work. It is possible that this breccia was deposited 
whilst the volcano was still in a feeble state of activity. 

Both of these latter-mentioned facts are but accessory evidence 
in favour of a long period of apparent extinction which is shown 
chiefly by the change of character of the ejectamenta. 

That this change was not in the primitive magma, but rather 
produced by the varied influences brought to bear upon it in its 
journey from its source to the surface, will be demonstrated as we 
proceed in our study. 

Probably the old vent was plugged up by a mass of leucitic lava, 
a remnant of the last of the permanent prehistoric eruptions, which, 
from flagging of the primary volcanic forces or their concentration 
at other foci, had cooled there. 

In the extinction of a volcano a series of counteracting influences 
are at work. As the result of former eruptions, or from other 
causes, the pressure of the igneous matter at its origin is diminished, 
and the remnants of the fluid or plastic mass occupying the chimney 
will gradually cool by solfataric or fumarolic action. In this case 
th(^ consolidation will ])roceed from the surface downwards, or 
ii-regularly, if the heat be carried away by thermal waters. The 
magma still deeper will gradually assimilate water, resulting in its 
tension rising to a certain point at the expense of its temperature. 
If this be sufficient to overcome the su])erincumbcnt obstacles a 
violent exjdosion or paroxysmal eruption w ill occur. On the con- 
trary, if the temperature is low in the first case, or subsequently 
descends sufficiently for the mass to soiidif}', an eruption will be 
])revented, and the solidifi . mass will be an obstacle to any further 
attempts at a rupture. 

If at a future time igneous matter trios to force its way upwards 
in the same neighbourhood, it will preferably be by the side of 
the old axis, which itself would offer tlie greatest resistance. It is 
probably in this manner that a variation of the eruptive axis, as in 
Monte 8omma and AV^suvius, is l)rought about. 

Era of Paroxysmal activity. 

The leucitic lavas and their derivatives are overlain by a series of 
pumiceous tufas which form a kind of mantle to the ancient cone of 
Monte Somma. Brcislak* was the first to describe this superposi- 
tion. He was followed by L. von Buch t, who fell into the error of 
classing the pumice beds of Somma and those of the district of 
Naples together. This is easily seen not to be the case for the fol- 
lowing reason. The tufa consists of pumice in which various 
trachytic fragments are common, but amongst which neither the 
leucitic lava nor large series of ejected blocks like those of Monte 
Somma, arc to bo encountered. On the other hand, the trachyte 
does not occur at !M onto Somma ; neither do the pumices resemble 
each other in composition. 

* ‘ Voyages physiques ot lithologiques dans la Cainpanie,’ 1801. 

f ‘Description physique des iles Canaries,' p. 341 (183(>). Traduit par 
C. Boulanger. 

Q. J. G. S. No. 157. 
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Let US follow the description given by Von Buch, who says: — “ The 
remainder of the volcano, formed of black beds singularly contrasting 
vrith the white ones of tufa, rises out of this envelope like a ripe fruit 
which protrudes from its calyx. It is approximately in this manner 
that one can represent Somma piercing this envelope of tufa.” We 
here see that Yon Buch had a perfectly clear idea of stratigraphical 
sequence, a fact unfortunately lost sight of by some later writers. 
Prof. Scacchi * also alludes to the superposition of the tufas upon the 
lava on tlie surface of Somma. 8crope f describes the lavas as 
overlain by “ whitish or 5 ^ellowish trachytic tuff composed of pumice 
and lapilli. This extends up the external flanks of the mountain to 
nearly two thirds the height.” 

Lyell i makes various {illusions to tufa, but it is often not elear 
whether referenee is made to the leucilitic or pumiceous beds. 

Phase III., Period 1. 

General Characters , — This bed varies in thickness from 0*10 to 
I’OO metre, and consists of a white j)umice and leucilitic lapilli. 
The latter, which may form 50 per cent, of the deposit, are chiefly 
broken fragments of lava, subangular in form and exhibiting evi- 
dence of short but violent attrition. There is in addition a small 
quantity of dust derived from the abrasion of both materials, but, 
which is not nearly sufficient to fill the interspaces between the larger 
fragments. This fact we shall see to be partly the reason why this 
bed has been so little disturbed by denuding agencies. 

The pumice fragments arc angular in form, falling apart when 
removed from their place in situ,, so as bo appear traversed hy 
cooling fissures. Their original external surface is more compact 
than the interior, having an irregular knotty aspect, presenting all the 
appearance of having been cooled from fusion. The pieces float 
with ease in water, owing to their very spongy structure. The 
vesicles are seen to be small but moderately regular in size, some- 
times pulled out in one direction so as to give the pumice a fibrous 
appearance. Barely do the vesicles coalesce to form an irregular 
cellular cavity. 

The dirty white mass is rarely seen to be interrupted by a black 
spot, which if removed proves to be a scale of black mica, or crystal 
of pyroxene or amphibole, so far as the unaided eye can judge. 
Sparsely distributed also throughout the mass are a few small sani- 
dine crystals porphyritically enclosed. 

Microscopical Examination , — This light spongy pumice is one of 
the most difficult rocks to sectionizo from its vesicularity, the walls 
of the cells being so exceedingly thin and delicate. The section 
must be very thin, otherwise the number of unopened air-cavities, 
from their refractive peculiarities, will prevent any examination. 
The greatest difficulty arises, however, from the disproportion in 
resistance to grinding action of the matrix and the porphyritically 

‘Lezioni di Gbologia* (Napoli, 1843), p. 171. 
t ‘ Volcanos,* 1868. % * Principles.’ 
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enclosed crystals. The latter break out long before the section is 
nearly thin enough.' 

By ordinary light and a low power the section is seen to be a 
mesh work of rock material enclosing a multitude of air-cells, which, 
if unopened, present their peculiar refractive properties. They 
assume every imaginable form, the commonest being spherical, 
ovoid, pear-shaped, fusiform, multilocular, tabular, or irregular. 

Scattered about in the matrix are a few small dark green crystals 
of pyroxene, unfortunately rarely well formed. Sanidine in limpid 
well-terminated crystals, often twinned on the Carlsbad type, occur, 
besides a very few with rounded borders. Some examples enclose 
smaller crystals that extinguish at a different angle. The sanidine 
is usually surrounded by a coat of dark brown dusty matter, pro- 
bably magnetite (?), just as we see clear crystals of ice separate out 
from mud or muddy water. The pyroxene has few cleavage-planes, 
is very faintly, if at all, ])olychroic, and h[is a very large angle of 
extinction, from which we may safely conclude as to its nature. 
There are a few crystals, however, that present more the characters 
of amphibole. One very dark bluish green, rather polychroic crystal 
gave 18° as the angle of extinction. 

The pyroxenic minerals are often surrounded by a wreath of 
sanidine. Magnetite occurs in well-defined crystals and irregular 
masses, though none microlithic. Biotite is to be seen in a few 
cases as large crystals of first consolidation, very polychroic, varying 
from greenish brown to pinkish black tints. 

Under a high power the ground mass is seen to be composed of a 
very light straw-coloured vitreous base, ^^ith remarkably few im- 
imrities. The only mieroliths visible arc a few odd ones here and 
there. They arc usually minute rods, too small for exact determina- 
tion ; but by analogy one would judge them to be pyroxene. 

The order of crystallization would appear to be : — 

I. Amphibole ?, magnetite, and biotite. 

II. Pyroxene and sanidine. 

III. Yitreous matrix and odd microliths. 

There are to be found, amongst the uppermost or last fragments 
ejected, pumice of a somewhat darker tint. These pieces prove to 
be very rich in small beautifully well-formed hexagonal plates of 
biotite * of sepia tint. In the same specimens are a considerable 
but variable number of crystallites or small microliths, rod-like in 
form, probably of pyroxene (?). There are also minute crystals, 
hexagonal in outline, of a blood-red colour, which appear to belong 
to the cubic system, for they seem to be extinguished without excep- 
tion between crossed nicols. They might be mistaken at first for 
small garnets (melanite), a mineral not uncommon in other pumice 
of similar origin. Their homology in position, arrangement, and 
other characters, point them out as magnetite partly altered ; their 

* “ Mica is generally of first consolidation ; it may, however, have the micro- 
lithic stamp.’* Messrs. F. Fouqu6 and M. L6vy, * M4m. pourservir k Texplioa- 
tion d6taill6e de la carte g6ologique de la France’ (Paris, 1879), p. 340. 
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form boiDg accounted for by this mineral sometimes occurring in 
rhombic dodecahedrons 

Memarlcs . — Before proceeding further, it is necessary and conve- 
nient to speculate for a moment on this somewhat singular change 
in the character of the products of this volcano. 

It will be seen at a later period that there is not so much differ- 
ence in chemical composition between this pumice and the leucitie 
lavas as sometimes between different streams of the latter. 

Again, nearly all the minerals in the pumice are to be found also 
in the lavas. The only species of imi)ortance existing in the lava 
and absent from the pumice is leucite. 

Even this mineral we sliall see to be a component of pumice of 
later date. The lavas, as a rule, have little if any vitreous base ; 
whereas in the present instance that amorphous material composes 
by far the largest part of the mass. 

We are struck, therefore, by the fact that the difference between 
these two forms of cjectamenta is rather of structure than of com- 
position. 

Pumice-stone is recognized to be the mechanical product of a 
vitreous rock, and the present instance is no exception to the rule. 
Up to the present date this rock has generally been classed amongst 
the acidic volcanic ])roducis. In this instance we have a i)umice 
containing from 50 to 55 ])er cent, of silica., presenting all the cha- 
racters of a true vesicular obsidian. It is therefore necessary to 
search amongst the basic rocks for one that is vitreous. This we 
have in what is called tach}’lyte, a term probably under which 
vitreous varieties of many basic rocks have been included, such as 
some of the lavas of the Pacific islands. 

Closely related to the ancient lavas of Monte Somma, and in fact 
nothing more than a vitreous variety of them, is the thin layer, or 
saalband, of glassy matter sheathing the dykes. 

This proves to us that the Icucitic rock, at a comparatively small 
depth from the surface, had not yet assumed its crystalline struc- 
ture when suddenly cooled by injection into a fissure. This fact 
strikes us the more when we remember the words of Messrs. Fouque 
and Levy t, “ Toute cristallisation d’une roche ignee a commence au 
sein d’un magma fondu. La composition mineralogi(pie et la struc- 
ture d’une pareille roche no peuvent done depondre que do sa com- 
position chimique en bloc, et des conditions dans lesquelles s’est 
opere le refroidissement.” 

We may, ])crhaps, extend fhe latter remark, and add some other 
influences that may be instrumental in bringing about changes, as 
shown in the table, pp. 54 & 55. 

Admitting the proximate identity in composition of these two 
products of Monte Somma, now under consideration, let us attempt 
to discover the conditions necessary to bring about the difference in 
structure. 

The primitive vitreous magma, rising gradually from groat depths, 
may possibly be modified in composition by the chemical reactions 
taking place between it and the surrounding rocks. 
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The aqueous matter contained within the rocks in immediate 
viciiiit}^ of the column of incandescent magma, must be raised to a 
very high temperature. We are acquainted with the solubility of 
silica and silicates in water at a high temperature and pressure. 
The escape of vast volumes of vapour from lava must convince us of 
the presence of aqueous matter combined chemically with the fused 
silicates, or, at any rate, intimately diffused or mixed with them. 

It is probable that the aqueous matter is assimilated by the 
igneous matter from the* water-bearing strata it traverses at a very 
high temperature and pressure. 

It is evidently the manner of formation and escape of this vapour 
upon which is dependent the difference of structure in the Somma 
lavas and ])umice. 

This mass of aquiferous magma, in proportion as it approaches 
the surface, passes from a high to a lower pressure, at the same time 
being reduced in temperature in the same ratio as expansion takes 
place. A moment arrives when the pressure no longer balances the 
tension: just as we sec the carbonic acid begin to form minute 
bubbles in seltzer- water when the cork is removed, so does the 
aqueous vapour develope minute globules which, coalescing, form 
hubbies distributed throughout the still fluid mass. 

If cooling takes place immediately before the escape of the vapour, 
ji spongy or, more i)roperly, vesicular rock or pumice will result. 

It is neccissaiy' that the magma should come from great dej^ths, 
that it should have been retained for long periods in contact with 
a(]uiferous strata, and that it should be expelled rapidly before the 
vapour-vesicles can unite together as bubbles and escape. We 
conclude, therefore, that pumice in a basic rock so far appears to be 
characteristic of ^cropc’s ‘ Paroxysmal Eruptions.’ 

The (]uestion arises, how is it that in a basic rock, which is always 
very fluid, the vapour-vesicles had not time to escape? If we 
imagine a fluid mass througliout which the amount of volatile matter 
is disseminated in large quantity and under high pressure, the re- 
moval of this latter will result in the conversion into a gaseous form 
of the volatile matter, so bringing about a corresponding loss of 
heat. If this descent reaches sufficiently far to render the mass 
solid or even viscid, the vapour, unable to escape, will remain 
behind involved in the magma as so many vesicles or bubbles. The 
process is analogous, in a mechanical point of view, to bread rising 
as a plastic mass, which is solidified by baking. The spaces occu- 
pied by the vapour nearest the surface of a detached mass will burst 
and leave a coating of compact matter, as in the crust of bread and 
the hard envelope of the pumice. 

From the rapidity of cooling, the process of crystallization will be 
arrested, and the structure remain vitreous. 

Such, therefore, seems to me the true explanation of this some- 
what complex phenomenon. 

In the case of Monte Somma a certain amount of the vapour must 
have escaped and formed the element of explosion or ejection. The 
endeavour has been to show that rocks apparently of totally dif- 
ferent typo may have a common origin. 
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This layer of pumice, of comparatively little importance as to 
thickness, is yet at the same time one of the most persistent of the 
group of deposits to which it belongs. It is rarely absent when de- 
posited on scoria, due, no doubt, to the open structure of the latter 
allowing water to trickle through between the fragments. Where 
deposited on lava it has commonly been removed, floated away in 
fact. 

Rarely has it left behind it any of its debris ; nevertheless, in the 
left lower branch of the Cupa di Pallarino, we see a mass of yellowish 
dusty earth, containing water-rolled fragments of this pumice, over- 
lain by the products of the eruption immediately following. It ap- 
pears that this alluvial deposit was derived from the disintegration 
and decomposition of the jmmice-bed, which was collected at the 
bottom of a ravine which we now see cut through in section. 

This allu^dal material tells of a quiescent period, pro])ably of no 
great length, during which subaerial denudation had been going on, 
and during which 2 )re])aration was being mfide for another great 
outburst of terrestrial forces. 

No metamorphosed erratic rocks arc found amongst the materials 
composing this dejiosit, although the leucilitic lapilli derived from 
the mechanical disintegration of old lavas are so abundant as to 
form an important element. The two facts show that a consider- 
able crater must have been excavated, but that it did not extend 
into the subjacent sedimentary rocks. 

Phase III., Penod 2. 

General Description . — It was remarked in speaking of the pre- 
ceding deposits, that the alluvial materials resulting from them 
apparently only represented a short interval of tranquillity. This 
short interval seems to be demonstrated by the passage in otlier 
localities of pumice of Period 1 into that of tlu? ])resent one, which 
consists of a heavy, hard, dark scoria, without any intervention of 
alluvial matter. To the inattentive eye the line of demarcation is 
very distinct ; but on closer examination ^ye may see at the line of 
junction pieces of rock of different gradations Ijctween the upjxT 
more crystalline pumice of Period 1 and the pumiceous scoria of 
Period 2. 

This transition, which may be well seen in the Yallone Sanseve- 
rino, is visible not only in the external, but also in the microscopic 
characters, which exhibit this passage from a more or less vitreous 
through a half microlithic to a crj’stalline rock. 

This pumiceous scoria, since it still retains somewhat of the pumi- 
ceous facies about it, occurs as fragments varying in bum up to that 
of a human head. It is of dark chocolate- brown, black, or dark 
reddish colour. Usually more compact at the surface, and redder 
than in the interior, it has an appearance of having cooled from a 
plastic condition. The density is considerable ; it breaks with a slight 
tap of a hammer into a certain number of fragments along old 
cooling-fissures, the resulting pieces being rather tough and resis- 
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tant. The included cavities, of large size, arc irregular in shape, and 
not rounded or cellular. Broken crystals, and fragments of lava 
and other rocks are exceedingly common as enclosures. 

Mixed with the fragments of this primary eruptive matter are a 
number of very small pieces of altered limestone and its derivatives. 
By far the most abundant, however, are a number of fragments of 
marl and clay, very slightly altered and rich in organic remains. 
The matter is still plastic in the interior ; and often adhering to the 
surface is a layer of fine lapilli, showing the small amount of heat 
to which these masses were subjected, and the short time they were 
exposed to it. These remnants of prcvolcanic Tertiaries are most 
abundant at the bottom of the bed, whilst the dolomitic limestone is 
found higher up. There are also a good number of leucilitic lapilli. 

These substances united form a deposit that rarely exceeds a 
metre in thickness. 

Microscopical Examination , — In the thinnest section this pumi- 
ceous scoria makes a ver}’ dark, oi)aqup, brown preparation. The 
essential elements are a few crystals of pyroxene, amphibole (?), 
biotite, in small irregular plates, moderately polychroic, ranging 
from dark amber or sherry-colour to light lemon, and crystals of 
saiiidine. Some of the latter are largo and broken around their 
edges, fissured throughout, and their cleavage-planes infiltrated by 
an earth-brown amorphous substance, which gives them a very 
])eculiar aj^pearaiico, but has in no way altered their optical proper- 
ties. Most show Carlsbad twinning very distinctly. They seem 
to be crystals that have undergone vicissitudes of temperature; 
others have a clear nucleus and dusty exterior. The included frag- 
ments of lava have tlr. ' saiiidine crystals altered and fissured as 
those belonging to the rock proper. Magnetite is to be found rather 
plentifully, in large unaltered crystals. 

The matrix appears under a low i)ower as a granular brown net- 
work of opened vesicles, the walls of which are irregular and rough- 
ened by the })rojection inwards of many microliths. When a higher 
l)Ower is used tlie granular mass proves to be composed of at least 
two kinds of microliths, which form tlie principal jiortiou ; but there 
seems to be some interstitial glass. The first and commonest are 
very small transparent rods, which are probably^ pyroxene ; a few 
larger ones seem to be sanidino. They are doubly-refractive, clear, 
and colourless, except where divided along their longer axes by a 
septum of dark brown matter. This intercalated material is narrow 
at the centre and widens as it approaches the terminations of the 
prism, and seems to be identical with that portion of the crystal of 
sanidine included by the peculiar curved lines described by Mr. F. 
JIutley*. The opposite halves generally extinguish alternately 
between crossed nicols. The other microliths, or small crystals, are 
polygorial in form, showing apparently quadrilateral and six-sided 
outlines, although, from their small size, it is difiicult to see such 
distinctly. With a very strong light, some of the smaller ones 

* Quart. Journ. Geol. Soo. 1876, p. 479, and • Study of Bocks * (London* 
1879), p. 96. 
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transmit a dark bnmt-sienna- coloured light, and are probably mag- 
netite, titaniferous possibly, which has undergone alteration. 

Their small size, compared with the large crystals, has rendered 
them more liable to decomposition, especially on the out^ surface, 
which accounts for the redder-coloured exterior of the rock-fr^- 
ments. The interstitial glass is small in quantity, and of a brownish 
tint. 

The included impurities are exceedingly abundant, enveloped in 
the original plastic mass. 

The intermediate pumice already mentioned as connecting this 
deposit with the underlying one, is variable in colour, but usually 
greenish grey, fading into the tint of the two beds. The larger 
crystals are well terminated, and there are fewer impurities. Some 
of the sanidines are filled with a multitude of small pyroxene cr 5 ^stals. 
The biotite plates are better formed and less broken. The rod-like 
microliths are usually arranged in stars. The microliths of mag- 
netite are less abundant than in the bed above. 

Separating the pumiceous’ scoria from the bed above, we encounter 
a stratum of very fine dusty material or ash, as in the Vallone 
Breislak. In other sections the same material occurs, but apparently 
partly rearranged by water. 

Prase III., Period 3. 

General Desenption . — The deposits of this period conformably 
overlie those of the last, of which they seem to be the continuation. 
They range from 80 centimetres to 2*30 metres in thickness. 

I^en seen in section they present a curious aspect due to their 
peculiar characters. The principal portion consists of rounded lajdlli, 
variable in size and order of deposition, mixed with a large quantity 
of fine powdery matter of the same kind. 

Three elements go to make up these lapilli. The first and most 
abundant consists of pieces of leucilitic lava, bits of old lava, in fact, 
which have been subjected to ver}'' violent attrition, as shown by their 
subangular and often rounded form. The next are of yellow or 
rusty-brown colour, of the same material, but altered by solfataric or 
fumarolic action. The third and rarest element, though most im- 
portant as regards the story it tells, is the primary eruptive matter, 
which consists of an opaque black vesicular scoria, usually in very 
minute morsels. In colour it resembles the scoria below, but, as 
already remarked, is more open in structure. A few crystals of 
pyroxene and black mica may be detected by the unaided eye. 

The whole arrangement of materials is very variable, but frag- 
ments of a given size are usually found on any one horizon ; so that 
a band of coarse lapilli may intervene between two dust-beds, and 
so on. 

Microscopical Examination , — The larger constituent crystals are 
the same as in Period 2, but the development of each species has ad- 
vanced much further, and the microliths have increased in size and 
number and are more clearly defined. The greater perfection applies 
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especially to the pyroxene, which is very ohundant both as large 
and small crystals, many of which have as a nucleus magnetite. 

Plates of biotite are much finer, and often stand out from the 
walls of the cells into the cavity, attached only by one edge or 
angle. There are also some peculiar large lozenge-shaped plates (?) 
quite transparent, which, rotated between crossed nicols, transmit a 
faint brownish-grey light. From the absence of any characteristic 
peculiarities, it is difiicult to know to what rock-forming mineral to 
assign them. 

Phase III., Period 4. 

General description . — The lastr-dcscribed deposit sometimes passes 
up into, or may be represented by, a bed of very eoarse leucilitic 
breccia. 

In some localities we find this breccia reaching a comparatively 
great thickness, so that in the Yallone di Pollcna and Vallone 
Grande, above Massa di Somma, the sides of these valleys show a 
thickness of it varying from 2 to 55 metres. Y"hen reaching the 
latter comparatively enormous development, it is seen to be composed 
of blocks of lava, with more or less rounded angles, very variable in 
structure and size, ranging from the finest lapilli up to masses some 
tons in weight. These arc enveloped in a dirty purple or slate- 
coloured ash-like dust*. This powder proves to be composed of 
fragments of minerals and a fine granular amorphous matter, pro- 
bably the result of decomposition of the constituents, especially 
leucite. The coarser grains only contain those minerals which 
would be derived from tlie disintegration of the lava-fragments. All 
the minerals arc in a fragmentary condition. Pyroxene was most 
abundant, besides which was recognizable olivine (rare), sanidine, 
plagioclastic felspar (rare), and leucite (abundant), but having lost all 
its optical properties, being also rounded and eroded on the surface. 

The large blocks of lava have only undei’gone slight decomposi- 
tion. An odd fragment of much-rolled pumice can occasionally be 
found by diligent search. 

To determine the position of this bed involved some difficulty, 
and its true horizon is only to be learned high up the valley, where 
an opening occurs in the superficial vegetable soil, and the other 
members of Phase III. are seen to underlie the breccia, which is 
overlain by the dejiosits of Phase VI. 

The ten metres of materials resembling this, which lie between 
the deposits of Phase III. at the Yallone 8t. Patrizio, and other 
similar deposits in that region, must be correlated with this bed. 

Its peculiar!}^ excessive development in one particular locality 
certainly deserves attention. This is still more the case when we 
remark how high up the slopes of the mountain this deposit retains 
its great thickness. The area where this occurs is confined chiefly 

* This powder was sifted, and levigated so as to separate it into different sizes. 
The products of each sifting were examined by the luicroscope before and after 
a short treatment with hydrochloric acid. In this way the calcareous and 
limonitic coating of the particles was removed. 
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to the space between the Yallone PoUena and the two flanks of the 
Yallone Grande (Massa di Somma), and it rapidly thins out late- 
rally from this district. 

Uemarhs, — Lithologically this deposit is the termination of 
Phase III. of Monte Somma, and is characterized by the production 
of fragmentary rocks only. It is followed immediatol)", if not con- 
tinuousty, by lavas differing little from what had been produced 
by the old volcano in its younger days. 

This outpour of lavas, roalij the outcome and result of Phase III., 
wo shall find it convenient to separate, under the heading of another 
phase. 


Phase IY., Period 1. 

^ General Description , — Overlying the group of beds that we have 
just been studying in some sections, we meet with one or more lava- 
streams or bods of scoria. 

In the T «allone Sanseverino and in the Yallone Yon Ihich we en- 
counter beds of lava having characters almost identical both macro- 
and microscopically. In the former valley the flow varies from 
half a metre to two or more metres in thickness, and in situ jwesents 
the following features : — 

I he lava forms a moderately regular bed on both sides and floor 
of the valley for a considerable distance. It is traversed pretty 
abundantly by cooling-join tage-plancs, which are usually at right 
angles to its sui'faccs. It is covered with a ver}’^ thin layei* of ragged 
spongy scoria. In addition to the above-mentioned fissures, the 
rock cleaves easily along planes parallel with it;s surfact's, to such 
an extent in some ]flaccs, where this lava occu])ics the bed of the 
ravine, that one might almost mistake it at first sight for a sedimen- 
tary rock. 

In colour it is grey, with a pinkish or violet tinge. Scattered 
throughout the mass, especially at its upper part, arc a great number 
of rather small vesicular cavities, generally irregular in form, and 
ha\dng a granular surface covered with minute crystals. The rock 
breaks with a somewhat dull earthy fracture, due to a certain 
amount of decomposition that has taken place. 

The uniform colour of the matrix is only broken occasionally by 
a few very small crystals of black mica and dark green pyroxene ; 
there are also seen many minute white spots, especially by using a 
lens, which turn out to be felspar. 

Microscopical Eamnination . — The porphyritically enclosed minerals 
are those we have already mentioned as discernible by the naked 
eye. 

The pyroxene crystals are of a light pea-green colour, commonly 
showing slight alteration along their cleavage-planes, and often con- 
taimng large octahedra of magnetite. The biotitc, or black mica, 
as ot light scpia-brown colour in thin sections, very polychroic, 
varying from the above tint to complete black when rotated above 
.. often encloses crystals of sanidine! The sanidine 

itselt 18 very abundantly distributed throughout the rock, and seems 
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to form ono of its most important constituents. The crystals are 
generally well formed, occurring singly or in groups. As a rule the 
mass is pretty free from impurities, but occasionally trains of dirty 
glass cavities arc met with, or sometimes there is an intimate mix- 
ture of this felspar with pyroxene, which seems to be an advanced 
stage of what one observes in the earlier deposits, and was mentioned 
when describing the intermediate pumice between Periods 1 and 2 
of Phase III. Home crystals of felspar have the triclinic character ; 
they are numerically inferior to the inonoclinic. 

The microliths of pyroxene range from small crystals downwards. 
Many of the larger of these form stellate bunches, w^hich sometimes 
project in a fan-like manner into the vesicles, where their crystal- 
line form may be seen to ]»erfection. Magnetite microliths are 
large and w^ell developed, being four or five times the si/.e of those 
in the preceding pumiceoiis scoria. They are much more altered, 
and have, as a consequence, lost their crystalline outlines, and ap- 
pear as irregular rounded masses. They also form a dense black 
wreath around the sanidine sections. 

The decomposed aspect and colour of the lava seem principally 
due to this alteration of magnetite. 

The small microlithic plates of biotite are very perfect, and occa- 
sionally i>roject into the cavities, like the pyroxene. The larger 
elongated microliths are sanidine ; although their terminations are 
hrush-like, the Carlsbad twinning is very common and distinctly 
developed. The smallest rod-like microliths are probably pyroxene, 
but have no distinctive characters. 

There arc in the section one or two circular (?) spaces that darken 
between crossed nicols, althougli apparently not vesicular cavities, 
and therefore they may be minute crystals of leucite. They are too 
small, of course, to show the optical characters of that mineral. 

Tlie great resemblance of the lava in the VaUone Von Puch to 
that just described, their identity of strati graphical position, and thcii' 
similar microscopical structure and state of decomposition, incline 
us to regard them as ncarlj^ if not quite, contemporaneous, although 
their wide separation from each other shows they were not the 
same stream. 

Phase IV., Period 2. 

General Description . — In the Yallone Sanseverino, above the last- 
described lava-flow, is another, differing considerably in structure 
and other characters. It is well seen at the cascade, of which it 
forms tlie ledge, near the contour-line of 325 metres. 

This upper intrapumiccous lava is of a bluish-grey colour, very 
vesicular and ragged. It is also very tough, and breaks with much 
difficulty. It differs from the lower stream by the larger and fuller 
development of the enclosed crystals. The scales of black mica are 
sometimes two or three millimetres across, and are pretty abundant, 
giving to this rock quite a peculiar appearance. This lava show's 
none of that cleavage parallel to the surfaces seen in the earlier one. 

Microscopical Examination . — The general structure of this upper 
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lava is the same as that of the lower. The pyroxene and large 
magnetite are of the usual type. The biotite di&ers only in its size, 
and, as in the lower flow, contains crystals of sanidine. The latter 
mineral occurs as crystals very neatly and sharply terminated. 
There is also some tricHnic felspar. The magnetite microliths are 
smaller than in the lower lava, but still are of a greater size than 
in the eject amenta of Phase III. The microliths of pyroxene are 
the same as in the lower lava; the sanidine crystals are larger, 
with brush or forked ends. 

Remarlcs on Phases III. akd IY. 

In the Yallone Sanseverino and the Yallone Yon Buch, if we trace 
up these streams of lava to their origin, we find them terminating 
near masses of scoria, which, seen in section, are in some places 
20 metres or more in thickness, and occupy exactly the same strati- 
graphical position as the lavas. This maximum devcloi)mcnt occurs 
in the first-named vallej' near the 375th contour-line, and near 
the 475th in the Yallone Yon Buch, in which part of the scoria 
may be seen in the section to overlie the lava belonging to PeAod 1 , 
though beneath this there is a thin layer of scoria. 

One of the most striking features of these scoria-deposits is the 
great suddenness with which they make themselves apparent inter- 
calated in the section, the rapidity with which they increase to thoir 
maximum thickness, and then as rapidly decrease and disappear. 
Again, we find them thinning out laterally in the same abrupt 
manner. Thus, in the Yallone Pietri Pomice, the next valley to th(^ 
left of Sanseverino, this scoria is from 3 to 5 metres thick opposite 
the maximum development in its neighbour, and, like it, soon dies 
out as we ascend and descend tho valley. The same remark applies 
to the Yallone di Pollena, where there are only a few centimetres of 
scoria to show the rapid thinning out of the curious deposit so 
largely developed in its neighbour, tho Yallone Yon Buch. 

Such an arrangement could not have been the product of an 
eruption from the central vent, since this would be much more uni- 
form in its distribution ; and it would be impossible thus to explain 
the usual absence of the scoria in sections where the beds imme- 
diately above and below come in contact, the latter showing no signs 
of erosion. 

Again, I have never been able to trace the lavas of this epoch 
higher up the valley than these scoria heaps. If these streams 
had flowed from the groat crater-lip they surely would have been 
accompanied by explosive action, distributing a certain amount of 
fragmentary material generally, which, as has been remarked, only 
exists, on the contrary, in these very localized spots. The peculiar 
characters of the scoria, which can be seen to have been deposited 
directly in its present site while in part plastic, combined with other 
features already mentioned, all point to one very distinct and almost 
certain inference. 

We have, in fact, to deal with parasitic cones bursting forth on 
the slopes of the volcano, from which issued scoria, lapilli, ash, and 
streams of lava. 
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Remarks, — It will be convenient for the moment to consider the 
physical history of the ejectamenta we have been studying before 
returning to the stratigraphical part of the subject. 

Two salient facts are recognizable in the study of tho series of 
igneous products that have been included under the headings of 
Phases III. and IV., namely, that as we ascend from the lower to 
the higher members of the series, so do we find a more or less 
gradual and regular passage from an almost vitreous rock to one 
entirely crystalline in structure; this being nearly as regularly 
accompanied by the diminution of contained aqueous vapour, as 
represented by the diminished and more imperfect vesicular struc- 
ture of the upper members of these Phases. 

We have seen also that the break in time between one member 
and another was of comparatively short duration, and that the pro- 
ducts of later date are but the more highly developed crystalline 
condition of the magma from which was formed the white vitreous 
pumice. 

Iteasons have already been given for believing that this white 
pumice shows itself to have been filled with ac|ueous matter under 
great pressure, and probably during a long period of time. On the 
contrary, the materials, following rapidly, would be exposed to 
hydration for a shorter time, as their stay in contact with the aqui- 
ferous strata would be limited. On arrival at or near the surface 
their ejection would be accompanied by less explosion, less rapid 
loss of heat, and consequently cooling would bo slower, and there- 
fore more favourable to the develoj)ment of the crystals and micro- 
liths constituting these rocks. 

Nevertheless, during the latter part of Phase III. explosive action 
was still powerful enough to break the fluid magma into fragments, 
and it was not till all tho highly aquiferous material had escaped 
that the quiet flow of lava could take place. 

There were undoubtedly fluctuations in the character and force 
of eruptive activity before the outflow of lava. Tho black scoriae of 
Phase III., Period 2, show by their denseness, by the large quantity 
of foreign matter enveloped in the matrix, and by the rounded and 
broken character of the crystals, both natural and accidentally en- 
closed, that the fluid must have been for a long time exposed to 
violent ebullition and churning. In fact, we may well conceive the 
crater as filled by a fiery lake, which would be confirmed by the 
yellow altered lapilli in the bed above {Period 4) ; and that the lava 
fragments were rocks which had been submitted to fumarolic action, 
such as would exist around the crater-walls filled by a lava lake. 
Equally probably we may suppose a small cone of eruption to have 
formed in the crater of Period 1. 

Likewise we may explain those lateral openings and parasitic 
cones from which the intrapumiceous lava of Phase IV. flowed. 
There is no evidence up to the present, so far as I can make out, of 
the lavas having flowed over the edge of tho crater during this lava 
phase ; but we must certainly require a column of fluid rock ex- 
tending up much higher than 700 metres (that of the highest lateral 
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crateret) to exert sufficient pressure to rend the flanks of the moun- 
tain. This lava must have either been within a cone of eruption, 
or possibly a lava lake (?). 

It would be reasonable to suppose that these dykes were formed 
gradually, allowing a certain amount of cooling and escape of vapour 
before appearing at the surface; so permitting the fluid rock to 
issue more quietly as lava, and only forming a light scoria compared 
with the preceding products. 

The breccias of Period 4, Phase III., render these remarks as to 
the sequence of eruptive forces somewhat more comi)licated. This is 
the outcome of the question : — By what method were these breccias 
deposited, and how is their extraordinary localized thickness to be 
accounted for? Were they the result of direct ejective force, we 
should expect their distribution to be much more uniform : besides, 
we might look for the admixture of some primary eruptive matter 
with them. Possibly this may be represented by masses of new- 
looking scoria Avhich occur in moderate quantity intermixed with 
the breccia, and which might be the cjectamenta of a central con(' 
of eruption (?) of the later part of Phase III. It is true, the 
gradual passage upwards of Period 3 to tliis may slightly support 
such an idea. 

On the other hand, the thick masses we see in the Yallone di 
Pollena and the neighbourhood seem to point to some great baranco 
draining a cratcrial hollow, whose crumbling walls furnislied the 
materials that were transported along one such gorge and deposited 
in their present position. Of course a baranco playing such a ro/r 
is not incompatible with the jHcscnce of a cone of eru]4ion occupying 
the centre of the cratcrial j)lain. What the real condition of things 
was it is impossible to say, and at the most we can only make a 
rough conjecture. The presence of a cone of eruption seems more 
acceptable than a lava lake, but the matter requires further investi- 
gation. 

Phase V. 

General I)cscrij:)tion , — In the Vail one Sanseverino, overlying the 
lava, occur 90 centimetres of brownish earthy soil, containing 
pieces of scoria and broken lava at the bottom. In the Valloni 8t. 
Patrizio, di Pollena, and Grande (di Massa), the top of the leucilitic 
breccia is capped by from half to one metre of yellow-brown soil, 
of the same composition as the finer matter of the breccia itself. It 
contains a few fragments of lava much decomposed. The breccia 
gradually blends with this yellow soil. The matter proves, on 
examination, to be nothing more than a more advanced state of 
decomposition of the materials composing the bed below. This 
same deposit may be seen in the cupa between the Vallono di 
Pollena and Yallone Yon Buch, reposing on the intrapumiceous 
lava. Both the last locality and the section of the Yallone San- 
severino can give us a correct idea of the exact ago of this bed. 

EemarJes . — This bed has all the characters of an old vegetable 
soil, and denotes a considerable period of tranquillity separating the 
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outflow of lava and the next grand paroxysmal eruption. This 
strikes us still more when we remember the time taken to cover a 
lava-stream with a vegetable soil nearly a metre in thickness. That 
it was a surface, and therefore in all probability supporting vege- 
tation, is proved by the advanced state of kaolinizatioii and general 
decomposition of the enclosed lava fragments, brought about by their 
exposure to frost and heat, combined with moisture resulting from 
their exposed position. Where the lavas or scoria) of Phase IT. 
arc absent, these vegetable soils may represent, in time, that phase 
as weU as Phase V. 

Phase VI. 

Under this heading are grouped a series of eruptions remarkable 
for their paroxysmal violence, and the pumiceous nature of the 
1 ‘jectamenta, mixed with vast quantities of the Icucilitic nucleus of 
the mountain, together with its sedimentary foundation-rocks. The 
first eruption of the group is perhaps one of the most \Iolent that 
ever shook the Hanks of this classical volcano, and the last must have 
far oiitrivalled the great eruption that destroyed Herculaneum and 
Pompeii, whicli succeeded it. 

Phase Vf., J\riod 1. 

General J)escri>)1ion. — Tlu* ejectamenta of this eruption form a 
stratum which is one of tlie thickest and most constant wc en- 
counter oil the slo]»es of !Monto Soinma. Its ])cculiar lithological 
and petrological eliaracters render its recognition so easy, that it 
foims an im]>ortant datum-line in the determination of the iiosition 
of more dubious dejiosits occurring above or below it. It rests often 
un con form ably on strata of earlier date; but where these have not 
been eroded, it may cm quite conformable with them. 

(ieiierally siieaking, the materials forming this deposit are derived 
from three entirely different sources. It will be most convenient to 
describe these? separately, and tlien compare their importance as to 
bulk in constituting the whole of the ejectamenta. 

The first and most Avorthy of study is the primary, or essential 
eruptive matter. It is a hard, moderately compact pumice, the 
major part of Avhieh wiU sink in Avater. It is tough, and consider- 
ably resists the blow of a hammer. Its (*olour is usually brownish, 
ranging from a light buff to almost black. Large cellular cavities 
are occasionally produced in it by the union of numerous pores, but 
more frc'quently by the presence of fragments of limestone, around 
which tliey have formed. The pieces of calcareous rock arc covered 
with a white crumbling coat, probably the superficial portion that 
was convert ed into caustic lime by the high temperature of the mass 
surrounding it. The escaping carbonic anhydride would form a 
vesicle, against the side of which would remain attached the bit of 
limestone. Possibly these calcareous fragments may have had a 
catalytic action, just as we see any rough mass, such as bread, 
plunged into champagne bring about a rapid evolution of gas upon 
its surface. Or we may roughly compare the action to that of a 
morsel of yeast in bread, which may often bo noticed attached to 
Q.J.G.S. No. 157. F 
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one side of the cavity, though of course the chemical action in one 
and the vital action in the other are quite different. So common 
is this enclosure of calcareous fragments that it may be regarded as 
one of the less important characters of this rock. 

Usually the pieces of pumice have been broken at the time of 
their deposition, but it is not uncommon to find some entirely 
covered with their thin but dense crust. The fragments usually 
vary from the size of a hazel-nut to that of a walnut, and more rarely 
they are as large as a man s fist. 

The usual dirty-brown colour of the matrix is broken occasionally, 
besides the white calcareous enclosures already described, by white 
glassy sanidine crystals and black amphibole. 

Microscopical Examination . — The most abundant of the large 
crystals are those of a pyroxene-like mineral. Its sections appear 
black unless very thin, when they transmit a dirty neutral-green 
tint. Eotated above the polarizer their polychroic character is most 
marked, often ranging from a light greenish yellow to a dark dirty 
bluish-green colour. The cleavage-jdanes, very abundant, combined 
with the outlines of the crj’stals, point to this mineral as being 
amphibole. This is fully confirmed by the angle of extinction ; the 
maximum I measured was 18^1 but it ranges from that down 
to 10^°. 

The next most abundant mineral is sanidine, which is scattered 
through the matrix in small and occasionally large crystals, and is 
sometimes attached to and may form wreaths around the amphibole. 

Magnetite is pretty al)undant, and occurs in two if not three 
forms ; large crystals, well formed, some loose in the matrix, but 
more often forming a nucleus to, or at least enveloped in, the amphi- 
bole. In some specimens these are decomposed, and convert the sur- 
rounding rock into an irregular mass of dirty brown colour, in which, 
however, its true constituents can be distinguished. In one specimen 
examined the magnetite occurs as very small but well-formed octa- 
hedra, many of which are more or less peroxidized. The third 
variety will be discussed with the microliths. By employing a large 
quantity of the rock, and treating it by Fouqiie’s method with hydro- 
fluoric acid, a number of crystals can be obtained of amphibole, 
with a few of pyroxene and olivine (?). The two latter, from their 
rarity and imperfect form, may be assigned as erratic in origin, 
having been taken up and enveloped with other foreign fragments. 

Scattered through the matrix rather sparingly are a number of 
well-formed rod-like microliths, a few appearing to belong to 
sanidine (?), amx)hibole (?), and XDyroxene (?). Their characters are 
very poorly marked. Next we have great quantities of minute 
microliths, or perhaps more properly trichites, arranged in sheaves, 
or so as to appear like a long-fihred velvet brush. Each individual 
component one appears as a dark; line, often curved, and does not 
transmit light between crossed nicols, unless when in a very dense 
bunch. Then wc may observe a feeble greyish patch, which might 
be compared to the effect produced by a half-dry white-paint brush 
smeared over a black board. The third microlithic substance, differ- 
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entiated from the base, presents itself as a multitude of gldhulites 
appearing as small opaque spots, which are scattered about between 
the microliths and trichites,in the same manner that magnetite occurs 
in some of the more highly crystalline structures already described. 
If we may judge by analogy, the globulites appear to bo nothing 
more than minute microliths of magnetite. When subjected to very 
high powers these globulites seem to transmit a reddish-brown 
light ; and in those specimens in which the larger crystals of mag- 
netite are much decom])osed these minute specks are absent, which 
would be expected from their smallness and the ease with which 
they are conse(]ucntly destroyed. 

It may be taken as a general rule, that the pumice which is 
richest in well-formed magnetite, and unaltered, or only slightly 
changed, is the darkest in colour. 

The next constituents, and tlie ones that form the greatest part of 
the de])Osit, are the usual rounded and subangular lapilli of ancient 
leucilitic lava. The only thing worth remarking about them is the 
evidence of the violent attrition to which they have been subjected, 
differing very much from what one observes in water-worn pebbles. 

The third set of materials contained in tliese ejectamenta, but of 
less importance as to volume, are the various erratic fragments of 
metamorphosed sedimentary rocks. The most abundant of those are 
I)ieces of limestone, varying in size, but rarely larger than a mode- 
rate-sized orange. One peculiarity about them is that they are 
least common at the bottom of the deiK)sit. Other varieties, and 
of more interest, are masses of marl and marly eday, often crammed 
with fossils, chiefly marine. These pieces of a shallow- water sedi- 
mentary rock, are slightly altered on tlieir exterior, and vary from 
the size of a walnut to that of a largo cocoauut. In some places 
they are very abundant, es])ecially about the middle of the deposit. 
There fxrn also a few small pieces of those extraordinary series of 
metamorphic rocks that form the major part of the ejected foreign 
blocks, shot out at later eruptions. 

These three various materials, so different in their origin, together 
make up a stratum varying usually from ^ metre to 4 or 5 metres in 
thickness. This stratum generally presents a certain characteristic 
arrangement of its materifils. Tlie lowest quarter or third is very rich 
ill i^umice, mixed first with leucilitic lapilli, then with Tertiary marls, 
and above these with limestone fragments. Xone of these erratics 
are absent from any part, but they predominate at certain horizons. 
The remaining and greater hulk of the stratum consists of a breccia 
with line ash, in ratlier regular alternation, and, near the top, more 
pumice is again encountered. The breccia is most variable in 
coarseness, and composed cliicHy of leucilitic lava-fragments. The 
old lava-blocks are much decomposed towards the top, as if they 
had been much exposed to tbe vicissitudes of weather before being 
covered over by the products of tbe subsequent eruption (?), The 
upper subdivision, or breccia, is often false-bedded, and it is no easy 
matter to say whether such an arrangement is duo to deposition 
upon an inclined surface or the effect of aqueous iuliucnces. 
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The most favourable localities where these deposits may be studied 
are the ridge between the Yallone Grande (Massa di Homma) and 
the Yallone di Pollen a, the cupa to the north of the last-mentioned 
valley, and the Yalloni Yon Buch, 8t. Patrizio, and Sanseverino. 

Bemarlcs , — The most interesting fact connected with the primary 
material of the pumice is the replacement of the usual pyroxene by 
amphibole. It has been remarked that the latter mineral is most 
common in those rocks that have crystallized under great j)ressure : 
whereas the sister species, pyroxene, is to be found most abundantly 
in lavas and other igneous rocks that have consolidated at the sur- 
face or under slight pressure. Although there are nmny exceptions 
in both casoe, yet in general the rule holds good. 

Such facts would lead us to suspect that the amphibole had be- 
gun to crystallize either at great depths, or certainly b-efore tlie 
actual eruption took place, that is to say when tlu' tension was ver} 
great. Whether such crystallization was brought about by the 
esca]:)e of vapour into thermal water or by conduction, or possi])ly 
by the low temperature of the original magma, is not easy t(» 
decide. That the magma was Jiot of high tempeniture or ricli in 
watery matter seems evident from its compact nature in ])ro])ortion 
to its crystalline structure. ]S'cvertheless ilie eriiptiou secerns to have 
been one of the most violent, if wo judge by the amount and charac- 
ter of the ejected materials. It must, however, be admitted that 
all tliosc dediKitions arc of a very speculative character, and there- 
fore must be valued accordingly. 

The peculiarly uniform distribution of this bed wherever it is ex- 
posed in section, and its great thickness, show us the large mass of 
material it represents, spread as it is over a considerable area. 
When wc justly appreciate the comjiarn lively small amount of new 
matter ejected, the components of the cone and subjacent rocks cou- 
tributing by far the greatest share of the cjectamc'iita, it becomes 
quite evident that this eruption must have cleared out and consi- 
derably enlarged the preexisting crater. 

AYe may conclude with good reason that the a])cx of the new crater 
must have extended downwards through the Tertiary tufas, marls, 
sands, A:c., and also to some extent into the subjacent limestone. 

The first rending asunder of the superincumbent obstacles with ex- 
plosive violence was accom])anicd hy the cjectioji of part of the magma 
itself. Ycry soon the terrific effort exerted by the elastic vapour was 
partly exhausted, so that a smaller quantity of fluid rock was hurled 
forth, until at last the csca ])0 of the gaseous matters was no longer 
able to carry iij) much of it, although there seems to hav(i been a 
final puff of pumice. The effect may well he compared to the open- 
ing of a soda-water or champagne bottle. On removal of the cork 
the sudden formation of gaseous carbonic acid takes place with 
such rapidity that in its hasty escape it carries much of the fluid 
with it. AVhen, however, the pressure has been reduced consider- 
ably the gas escapes more quietly. 

It is just the latter stage of the above example that is worth con- 
sidering. The vapour rising from great depths carries up no more 
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primary eruptive material, but in its escape tears away the sides of 
the vent. As the escape of vapour takes place, the point whore it 
leaves the huid magma will gradually recede from the surface, in 
])roportion as the latter is ejected, unless there was a compensatory 
upflow of material from below. It is only when the gaseous materials 
leave the licpiid that the former can exert their eroding power. 

These remarks give the interpretation of the prevalence of 
|)umice first, then the Tertiary marls, followed by limestone, and 
last, ash iiiid la])illi, with lava blocks, which are derived from the 
t.Tumhling-in of the undermined crater walls and their re-ejection. 
We see by this that as the apex of the enlarging craterial hollow 
was lowered lu^w materials made their appearance amongst the 
' jectamenta. Towards the latter end of the eruption, when the 
(‘Xplosions M ere becoming feeble and irregular, no more planing or 
excavation of the crater took place ; but the loose crumbling compo- 
iieiits of tlic wails as they fell down the sides into the vent were 
sul)ject.ed to ehin-iiing and violent attrition, and from time to time 
were lairied forth on tlic slojjes of the cone. 

Those are the facts avc may learn from the demonstrations left 
written by the features, arrangenuait, mid stnictiire of the ejecta- 
menia of this great enijdion. They are confirnied by the great 
similarity in the characters of deposits of later eruptions and by 
what lias been witnessed by man in historic; outbursts of this and 
otliei volcanos. In tlie Vallone Sanstwerino, overlying the deposit 
just d(eserii»ed. is a bed of rc-sorted lapilli, rolled ])iimicc, and pieces 
of scoria, M'liich seem to liave b(‘eii disturbed l>y the action of M'ator. 
The best examjde is to bo seen in tlic Vallone Ihetri Pomice, 
where this deposit is often seen to be eroded, and the subsequent 
materials rest um-ouformably on it. V'e have here again the same 
evidence as with earlier iiiterruptive ])eriods. namely, a certain 
amount of d(‘nudalion going on M'hilst the volcano was in a state 
of repos(;. The e[)ocli of iiiact ivity was jiruhably not of long duration, 
if M'G judge by the thinness of these alluvial deposits and the slight 
amount of ci’osion, Mdiicli in many sections is not even visible. 

Phase YI., Period 2. 

This is rciiresented by another bed of puinicc and its derivatives 
with secondary materials, having its own special characters both as 
a rock-forming niattiT and in its minute structure, so that it cau be 
distinguished from its fellows "with great facility. It ranges from 
1 metro in thickness, as at Cisterna, to 4 metres or even more, as 
ill the Yallono Saiiscveriiio and in other localities. 

The whole stratum is callable of subdivision into three, a lower 
yellow loaiii-liko decomposed ash-bed, the middle or pumiceous bed 
proper, Mdiich graduates up, though rather sharply, into another fine 
yelloM^ ash-hed. The inferior of these subdivisions may probably 
be in part alluvial (?), preceding this eruptive phase, or more likely 
the terminal asli-hod of Phase VI., Period 1, although it has few 
diagnostic characters. The middle division appears to be composed 
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of well-rounded pumice, each fragment having a yellow dusty 
covering. The fragments range from the size of a hazel-nut down 
to the finest dust. A hand on any one given horizon is composed 
of fragments of uniform magnitude, and may be followed by one 
composed of much smaller or larger pieces. There are atnongst the 
coarser beds two or three intervening bands of fine ashy matter. 
These, although only ranging from one to two centimetres in thick- 
ness, may be traced over very large areas, showing that the process 
by which they were brought into their present position was general, 
and not local as in the case of alluvial deposition. 

The internal characters of the pumice are pretty distinctive. The 
structure is of a light spongy nature, with many large compound 
cellular cavities. The matrix is of a grey colour, usually with a 
yellowish or greenish tinge, which is broken rather abundantly by 
cr3^8tals of augite, often large, besides a few of sanidine and biotite. 

Mixed with the immice arc exceedingly few small Inpilli, the 
whole bed seeming to be composed of primary matter. Oj'stals of 
pyroxene, loose and often broken, sometimes reaching a centimetre 
in length, are found loose with the pumice. They are similar to 
the crystals found in the rock itself, and are therefore probably only 
the same detached. 

Microscopical Examinaiiov . — The first mineral that attracts one's 
notice in the rock section by its abundance and jx'rfeetion of crystal- 
lization is pjToxenc, -which occurs in dark pea-greem crystals. This 
mineral, almost without exception, is twinned along ‘the plane of 
ihe orthodiagonal. ^ITic average of six measurements gave as 
the .angle ot extinction ; the elements were very variabh^, possibly 
owing to slight superficial alteration. The crystals are exceedingly 
rich in clear brown glass enclosures, which include vacuoles of gas. 
One crystal showed three such cavities of aTnorj)hous matter all tra- 
versed by one large rod-like microlith of jwroxene, the outline of 
which could also be distinguished where enveloped in the interme- 
diate crystallhie mass. That portion, wljcre surrounded by the 
glass, had de])0.sited on its surface some microliths of hiotite(?), which 
no doubt separated out from the vitreous matter and crj^stallized on 
the faces of the prism, tliough, curiously, none w-ere to he seen on 
the walls of the cavity. 

Magnetite occurs in good-sized unaltered octahedra, sometimes 
enclosed in pyroxene and at others attached in groups of three or 
four on one crystal, themselves supporting hexagonal jdat^js of 
biotite. 

This latter mineral, or black mica, is rather abundant in largo 
ciy^stals of the usual characters. 

^ banidine is rather rare in well defined-cr3’Btals, often surrounding 
biotite. The most common are irregular, blotchy, or flecked in appear- 
ance when seen by polarized light, as if they had been broken up into 
mnumerahlo fragments and then pressed together, so that unequal 
strains were exerted on each separate morsel. This really seems to 
be the case ; for all are enclosed in a zoned coating of uniform sani- 
dinic matter, which by its contraction in cooling has compressed the 
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irregular fissured interior mass. This straining may in part be due 
to glass cavities, which in some cases are very abundant in the 
mineral. This vitreous material nearly resembles in colour that 
contained within the pyroxene crystals, and is very rich in gas 
vacuoles. 'Sometimes these glass enclosures are arranged in a 
stratified manner, and, seen edgewise under a low power, might 
lead to the supposition of tricliriic characters in the felspar. One 
example showed a peculiar concentric arrangement. Within was a 
well- terminated sanidinic crystal, enveloj)ecl in a flecked dirty mass 
of the same mineral, which had an irregular eroded surface ; both 
the nucleus and its envelope polarized and extinguished alike. 
These two were again enclosed in a clear crystal of the same mineral 
polarizing in different colours and extinguishing at a different angle 
from the contents. Other crystals have been paitly dissolved and 
again covered with numerous irregularly arranged crystalline facets. 
This mineral sometimes su])ports on its surface little plates of 
biotite. 

Scattered rather sparsely througb tiie matrix are microliths of 
pyroxene. Tlu'y are well formed, but may possess ragged extremi- 
ties to the prism, and, like ilie larger examples of the same mineral, 
they are twinned. Xearly all contain minute elongated cavities. 
In size they are very variable, ranging from almost invisibility to 
0*0() millimetre in Ic'iigth and 0*002 millimetre in breadth. 

» There is to be seen rarely a bunch of sanidine microliths. 

The ground-mass is a slightly dusty brown glass containing a few 
very minute globulites, and broken up by the vesicles, which are 
often drawn out into long tubt‘S that sweep round a larger cellular 
space, so as to assume most varied forms. 

liemarkfi . — Any one who studies this pumice cannot hut be struck 
witli the peculiar features of it, which so plainly tell the talc of the 
prehistoric outburst that gave forth these volcanic j)roducts. 

The eruption seems to have coininenced feelily, so that its earliest 
ejectamenta could at first not succeed in reaching beyond the enceinte 
of the crater, into whicli they must have fallen hack. vSuch action 
would be favourable to the escape only of ashes at first. Tlie 
igneous magma would he able to develo])e its crystalline structure, 
and the pumice fragmeuts would thus obtain their rounded and worn 
surfaces. The thin intercalated ash-hands would point to small 
intermissions or diminutions of expulsive power, which in the middle 
subdivision must have been sufiicieiitly strong to eject the magma 
in the form of i)umice, hut which could not have eroded the crater 
much, as proved by the absence of leucilitic lapilli. The forces 
seem to have gradually diminished, resulting in the ejection only of 
fine ash, which composes the dusty yellow upper subdivision. 

It is possible that the de])osits above described do not represent 
all the products of the eruption, since if the north wind were blowing 
witb great force the ejectamenta would be found chiefly on the south 
side of the mountain, whore there are no existing sections to reveal 
these beds. 
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Phase VI., Period 3. 

Qeneral Description , — The products of this eruption that go to 
make up its representative deposits are very variable in amount, 
but often reach a very^ considerable development. At one part of 
the VaUone Sanseverino they attain a thickness of 13 metres ; also 
in the Cupa di Pallarino, where they seem to have collected at the 
bottom of the valley, they attain a maximum of 7 metres. 

Where the deposit is well developed it forms a striking contrast 
to the usual yellow and brownish ash-beds between which it is 
intercalated, consisting as it does of masses of a very light white 
pumice, often as large as a cocoanut or hirger. 

Mixed with the primary material arc a number of rounded leuci- 
litic lapilH, most abundant near the middle, u'herc they form a 
band and increase in proportion near the top. Jn the Vallone 
Sansevcrino many thin ash-bands, varying from 2 to 10 centimetres 
in thickness, occur at intervals, and are often persistent and uni- 
form for considerable distances. Very few and minute fragments 
of foreign ejected blocks are with difficult}’ to bo found. 

In general characters this pumice, botli in extci'iial and micro- 
scopic structure, is identical with, or at least undistinguishable from, 
that forming the dei)osit of Ihmsn III., Period 1. Tiie description 
of the latter will serve equally well for the former as ihr as the 
microscope is concerned. It may perhaps be u ortli recording tliat* 
111 the more recent deposit crystals of pyroxene may be met with 
envelopijig those of amphibole (?), which latter mineral would ai)pear 
to be the most abundant. 

Uemnrhs , — The general characters of this deposit show it to be 
the result of a violent paroxysmal eruption ; but it would ai>])ear 
that the crater was sufficiently large to allow an easy escaj)c of the 
igneous jwoducts. This fact is demonstrated )>y iJie comparatively 
few leuciiitic lapilli. The band of these old lava fragments occu- 
pying the middle of the deposit may probabl}' be derived from tlie 
shpping-in of part of the crater walls, which would be immediately 
re-ejected. 

The practical absence of all metamorphic rocks from amongst the 
cjoctamenta would rather point to litth; eroding action exei’tcd on 
the walls of the vent or apex of the crater. 

The amphibole we may sui)pose to have ])eon formed at great 
depths, and then enveloped in pyroxene when the magma readied 
a lower pressure aiid temjierature. 

Overlying the white pumice are deposits that vary witliin certain 
limits. In the V allone Pietri Pomice, immediately above the pumice, 
occurs a concretionary bed 30 centimetres in thickness, of a yellow 
or buff colour when dry. Btratification-lincs are distinctly visible in 
general coarseness or fineness of structure. The fracture is earthy 
or irregular. The internal structure shows the mass often to be 
made u]) of a blending together of pisolitic concretions ; other speci- 
mens are more uniform in texture, and are filled with a number of 
vesicular cavities, which are usually irregularly spherical, ovoid, or 
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even multilocular, and sometimes seem to form the centre of a 
pisolite. 

When sectionized it proves under the microscope to consist of the 
same minerals as the other primary ejectamenta of this volcano, all, 
however, broken, abraded, and partly decomposed. Curiously 
onoug:h a lar^e number of microliths still retain their form and 
optical properties, and appear to be pyroxenic. These microliths, in 
proportion to the mass, are much more abundant than in the subja- 
cent pumice. The whole is blended together by a brownish amor- 
phous interstitial cement. 

When a fragment is treated with acetic or dilute hydrochloric 
acid the rock effervesces only at points whore it contains calcareous 
fragments, and does not bj'cak down even after prolonged action of 
these agents, or of concentrated hydrochloric acid in the cold, though, 
when boiled, the mass gradually falls .apart. It would therefore 
.appear that this rock is eitlier mechanical accretion or a concretion 
in which the cementing material is some silicat '. 

In the Vallonc Ihetri romice this concretionary bed is followed 
hy ()0 centimetres of fiiK‘ rounded and false-bedded white pumice 
.and yellow ash, succeeded by another concretionary bed of the 
same tyi)c as the 1o\\'(t one. In ihe ridge cut through by the 
path that runs between the Y.allonc di Pollena and Yallone Grande 
i heso rolled inimicc and dust de]>osits may bo two. three, or more 
metres in thickmess wh(‘re tliere is only one concretionary band. 

In the Lagno di Trocchia tlio de])osit is re])roscnted in part by a 
coarse leucilitic breccia mixed A\ith ])ieces of the underlying white 
pumice, the ii])])er ])ortion only being a tine yellow dusty soil. 

There seem to bo a number of ([uostions, not easily solved, arising 
out of the physical features .and constitution of these deposits. 
The])ecu1iar strata of jallow earth are so ])ersistent and so slightly 
variable over the whole of the mountain that we might he led to 
conclude that wo had to deal witli simple doposiiio]i of a volcanic 
.ash falling into its present site. On the other hand the rounded 
pumice, the false bedding, the eroded surfaces of underlying deposits, 
and the peculiar sweeping curves of stratitieatioii around large stones, 
shou' distinctly the interimmee of water. If these beds were simply 
re-sorted l)y water from the higher ])arts of tlie mountain we ought 
to find the const ituenfs of tlumi to he m.aterials derived from all 
manner of sources ; but, on the contrary, the white pumice seems 
only to have been derived from the bed immediately below. 

Then, again, the i^ocnliar structure and composition of the concre- 
tionary bands bring in anothei- difficulty. Supposing these to be 
sim])le segregations in a fine Avatcr-sorted ash, how are we to account 
(or tlie vesicular cavities and the persistence of those bands occupy- 
ing nearly always the same relative position over large areas ? 

I.ooking at the (piostion from a more general point of view, it would 
seem that both igneous and acjueous action had played a x^art in 
their form.atioii. It has been shown that the lowering of the apex 
of the crater below drainage-level might result in the simultaneous 
ejection of both primary and secondary volcauic products with 
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aqueous matter in the form of spray or vapour, derived from the 
inpouring through the walls of the crater. May it not be that 
towards the end of the eruption of the white pumice the continual 
enlargement of the crater had advanced sufficiently far to produce 
the conditions favourable to the inflow of water ? In such a manner 
we could easily account for the superficial re-sorting of materials, the 
pisolitic concretions, and the breccias in the bottom of old valleys. 

But now arises the difficulty of the vacuoles in the concretionary 
bands. They may have been formed b}^ the coating of drops of water 
falling into dusty matter, but more probably by chemical action . 
The rain derived from the condensation of the vapours of an eruption 
is rich like them in hydrochloric acid, and is well known to bo the 
great destroyer of plant life for this simple reason. If wo figure to 
ourselves such a weak acid solution falling amongst volcanic ashes 
containing minute fragments of calcareous rock intermixed, the 
consequence is evident. The bubbles of carbonic anliydridc liberated 
would remain enveloped in the pasty mud, leaving their traces as the 
cavities wo now see. At the same time the pisolitic concretions sepa- 
rated out, and these, from their abundance, crowded upon each other, 
and so converted the whole into the compacts masses we have now 
been considering. I have collected materials (juite similar on the 
slopes of Etna ; and the same may be seen in other volcanos of the 
Campi Phlegrmi. May it not be that these segregations are analo- 
gous to those which occur in certain felspathic glazing-creams used in 
pottery, which form concretions unless kept constantly in motion ? 

Whatever maybe the cause of this peculiar structure, the example 
is one of considerable im])ortance in the study of ancient volcanic 
rocks. Let us imagine these extensive sheets of concretionary rock, 
having the same inclination as the slopes of the cone, interbedded 
between other volcanic eiectamenta, still more altered than it is at 
present, its vesicles filled by zeolites, after having been buried under 
the pressure of superincumbent rocks. Afterwards suppose these 
strata cut down to and exposed in section by subsequent denuda- 
tion, so as to be vdthin reach of a geologist or petrologist. Either of 
these scunfiates might be sorely puzzled as to whether the rock was 
a decomposed lava or an altered ash. The petrologist might point 
to its minute structure, show that the microliths were enveloped in 
a devitrified (?) matrix, and then confirm his assertion by the 
amygdaloid condition. The geologist, if it were possible, might 
point out the concretionary appearance of the bed, its remarkable 
thinness and uniformity over large areas, and no collection of the 
material in hollows, such as flowing lava would produce. Altogether 
I rather fancy that the former individual would get the better of 
the argument, and geological science would have blundered. 

These considerations suggest to our minds many such geological 
enigmas of quite recent date. As good an example as any perhaps 
is that of the rocks of the Brent Tor volcano discussed by Mr. E. 
llutley 

* “ On the Schistose Volcanic Rocks* occurring on the West of Dartmoor, 
with some Notes on the Structure of the Brent Tor Volcano,” Quart. Journ. 
Geol. Soc. vol. xxxvi. p. 285. 
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Phase VT., Period 4. 

General Description , — Probably none of the components of Monte 
Sommasofar discussed has fi;iven rise to somiich attentionand investi- 
gation as that wo are about to consider. This arises from different 
reasons, such as the extent and uniformity of the materials and also the 
richness of th(‘ ejected blocks of metamorjdiosed foreign rocks, which 
have yielded some of the most interesting and rare of mineral species, 
besides an abundance of common ones. Last, but not least, this 
deposit has l>ecn ])rouglit into the discussion of the pliysical history 
of the volcano })y many eminent writers. From this it will be 
evident tluit this bed of pumice and the associated materials possess 
so many cliaracters of the utmost interest that a more extensive con- 
sideration of them is calk'd for. 

Hard!}' a single valley scoring the slopes of !Monte 8omma does 
not show some sections of this interesting deposit. Its usual 
thickness, where no denuding or other causes of disturbance have 
been at work, varies usually from one to three metres, Imt may range 
from only a few centimetres, as at- Cistern a, to seven metres in the 
Cupa Pallarino. 

The whole deposit is capable of separation into three subdivisions. 
The lowest of these is composed chielly of a white liighly sanidinic 
pumice and leuciliiic la])illi, with few or no fragments of foreign 
rocks. This, the earliest product of the eru])tioTj, in sojue situa- 
tions, as in the Vallone di Pollena, is terminated by a band of very 
tine material, an ash of the same origin as the coarser pumice and 
lapilli. Where, however, this band does not exist this inferioj 
member passes into the middle division without a perfectly abrupt 
line of demarcation. This middle portion is composed of a brown 
or greenish-grey com])nct pumice, lemdlitic lapilli, and a great num- 
ber and variety of ejected blocks of erratic rocks not belonging to 
Monte Somnia proi)er. The third and up])orraost subdivision is a 
fine grey ash -bed, always characterized by the number and perfec- 
tion of the pisolitlc concretions it contains. 

To the naked eye the piimary or essential eruptive matter of thc' 
lower division is a pumice of a beautiful white or cream- colour, as a 
rule, very vesicular and cellular in structure. It is moderately tough 
and filled with great numbers of large well-developed sanidine 
crystals, small plates of black mica, crystals of amphibole, pyroxene, 
and garnet (melanite)- 

Microscopical E.c<(r}ii nation , — Sanidine occurs abundantly in large 
Avell-formed crystals, variously twinned, usually clear, but sometimes 
containing slightly dusty glass-cavities with vacuoles &c., or enve- 
loping crystals of amphibole. One i)oculiarity worth remarking is 
the large number of ampliibole microliths arranged along the planes 
of growth of some of the sanidine crystals. 

The princi])al of the dark spots that were discernible by the 
unaided eye prove to he amphibole. It is usually of a dark bottle- 
green colour, polychroic to brown, the cleavage and crystalline form 
well developed. 
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The pyroxene crystals are few and far between, and when they 
do occur may have a nucleus composed of a fragment of amplubole. 

Black mica or biotite is rare. The mineral most common after 
amphibole is melanite. It is scattered rather commonly throughout 
the matrix as well-formed crystals about the size of a turnip seed or 
larger. When in very thin sections it transmits a rich reddish-brown 
light, and contains various enclosures, chiefly minute transparent 
raicToliths. This mineral and sanidine, from the fracture of the one 
and the cleavage of the other, and especially from the hardness of 
the former compared with the spongy and fragile matrix, render the 
sectionizing of this rock a veiy precarious proceeding. Even with 
all the precautions conceivable these minerals tear out before the 
rock is sufficiently thin, so that it is adnsablo to prepare thick sec- 
tions for the study of these minerals, and thin ones for the base or 
glass, microlithic or not, as the case may be. 

Magnetite occurs as well-formed octahedra, but is ^*erv rare. 

Scattered throughout the base are a number of microliths, which 
seem to consist principally of pyroxene, though they are quite small 
in quantity in proi)ortioii to the amorphous base. 

The ground-mass proper is a clear almost colourless glass, filled 
with vesicular cavities, which assume their usual varied forms, and 
sweep round crystals or larger cells, or are drawn out into long 
but slender tubules, showing the great viscosity of the igneous 
matter. 

The pumice of the middle subdivision is compact, sinks in water, 
and is usually grey in colour with a distinct grt-enish tinge, clue to 
the abundance of pyroxene microliths ; Avlien it is weathered it may 
become brown from the peroxidation and hydration of the magne- 
tite. When broken open thcTo are lo be s('en man}’ irrc‘gular 
cavities, usually containing ])iocos of alten^d linu'slone, which liave 
a coating of white crumbling powder, wliich is pr()])ahly liydrate of 
lime. Besides these enclosures there are other iiii])urities, ranging 
from the finest fragments of crystals to pieces of old lavas, and meta- 
morphic erratic blocks of large size. Tlierc are amongst these 
enclosures minerals that are of uncertain origin, such as large crystals 
of biotite, pyroxene, molanitts olivine, idocrase, leucite, c\:c., which 
may he perfect or broken and eroded. J’yroxene occurs caiher in 
the immice or as loose ciystals mixed with tlu' i-ock fragments, in 
size (some till! os as much as one or two ccntiinctres in diameter, 
usually broken and of a dark green colour, with ])oorly d(iV(‘lopecl 
cleavage, so that the fracture appears vitrcHms. Melanite maybe* 
well formed when small, or irn*gular and brokeai when large. The 
same remark ap])lies to olivine and leucite, both of which are rare 
and difficult to find, especially the latter. All these have the stamp 
and appearance of minerals derived from extraneous sources and 
accidentally enveloped in the ydastic magma. They all resemble 
very strongly both in form and in their ininuto characters the same 
species that are met with in the ejected blocks of metamorphic rocks, 
from which they may be supi)osod to have been separated by the 
violence of the explosion, and then enveloped in the pumice paste. 
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Microscopical Examination , — The sanidine occurs in large well- 
formod crystals similar in all respects to that of the lower sub- 
division. 

Aini)hibole differs only by its greater size and perhaps greater 
abundance, due probably to the smaller relative bulk of the matrix. 

Pyroxene is much commoner in this upper subdivision. It shows 
in section the usual light pea-green colour, and graduates in size 
from large crystals doivn to the microliths. 

Magnetite is pretty abundant in ciy^stals of various dimensions, 
which may b() enveloped in the amphibole or pyroxene, and also are 
sometimes slightly decomposed. 

Biotite is moderatedy common in small well-formed crystals, and 
similar to that from the other pumice. 

Melanite is perhaps more common in this subdivision, though part 
is no doubt erratic. 

It is in the ground-mass that the two subdivisions of the pumice 
differ so much from each other. In the first case we found the 
amoqdious base ])redominating over the formed material, but in the 
middle subdivision the conditions arc reversed. In the most ad- 
vanced stage of crystallization we find almost the whole of the base 
omposed of microliths of pyroxene and biotite. 

The first of these minerals transmits a feeble green light, more 
intense pr()i)ortioiially to the size of the prism. Tlie average of 
twelve measurements for tlie angle of extinction gave 414°, and 
the extreme variations were confined within narrow limits. The 
])yroxenes range from the merest triehite, or helonite, through mi- 
CToliths most variable in ; o, up to lai’ge crystals of that mineral. 
It was impossible to tiiid a single niicrolith of am])hibole. 

The biotite, like the i)yroxene, is most variable in size, occurring 
nearly always as ^^•ell-formed hexagonal plates, either single grouped 
together, or in pairs, but more oitcm siijicrposed one upon another. 
Tlioy are of the usual seiiia-eoloured, very polychroic kind. 

In addition to these' two minerals, there arc a few small mine- 
rals or microlitlis of magnetite, which arc sometimes altered and at 
others not so. 

As already mentioned, the glassy base may ho almost absent ; but 
it seems that a small quantity always remains. 

AVlien we examine that part which forms the border-line between 
the two subdivisions, we find that the crystalline structure is inter- 
mediate in development between the very vitreous white and the 
highly microlithic green ]mmice. In fact, it is possible to collect 
all gradations from one to the other. The green colour of the 
middle subdivision is due to the abundance of formed pyroxenic 
material. 

The pisolitic tufa proves, on microscopical exami aation^ to consist of 
the same minerals as compose the pumice broken up into fine frag- 
ments. The i)isolitic concretions sometimes attain the size of a 
walnut, hut usually average that 'of a good-sized pea. IJMien split 
open or scctioiiized, they are seen to be composed of coarse grains en- 
veloped in concentric shells of a very fine brown powdery substance. 
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The nudens is usually a larger grain, an empty vesicular space with 
smooth walls, or in some cases there seems to be nothing apparent 
as the special centre of concretion. The preparation of a section for 
microscopic purposes is attended wdth almost insuperable difficulties 
from the fragility and pulverent structure. The principal mass is 
seen to be composed of fragments of the different minerals of the 
pumice and lava, together with a small quantity of some intersti- 
tial silicate (?), which would require careful chemical analysis for its 
determination. 

This xnsolitic tufa is not easily to bo distinguished from other de- 
posits that overlie it, and which may also i)resent the same structure, 
so that its thickness is not e^isily determined, though it rarely seems 
to average more than one metre. The peculiarity of pisolitic con- 
cretions seems not to be conhned to this bed, since we have already 
seen it earlier, in the case of Phase VI., Period In fact, whenever 
wc find a fine dusty ash of ])umiceous origin, of whatever age, either 
directly deposited as an ash, or collected as fine alluvium, this 
structure is apt to develop itself. The reason for considering this 
pisolitic ash to be derived from the same eru])tion as the ])uinice 
is quite evident when wc compare this outburst vlth the subsequent 
Idinian one, which produced very similar materials. 

The broken-up fragments of ancient leucilitic lava-streams and 
scoria, which form the principal secondary or accressory components 
of the lower and middle subdivisions, are of the same ty ])0 as in 
earlier (^‘ectamenta. ]\lany are moderate-si/ed la])illi : but large 
blocks are abundant enough. Xaturally the varieties of structure 
are veiy numerous, as tliey have no doubt been derived from the 
breaking uj) of lava-flows of all ages. Tlie most remarkable, how- 
ever, are those which were originally vesicular in structure, but are 
now filled with zeolitic and other minerals, the x>rinci])al amongst which 
are phillipsite, thompsonite, analcime, calcite, aragonite, and selenite. 
From what wc know of these minerals we should expect that lavas 
in which they were deposited were derived from some of the most 
ancient streams situated deej) in the bowels of the mountain, where 
water at a high temperature transj)orted and deposited in theij* 
XHCsent sites these hydrous silicates, sulphates, and carbonates. 

The accidental or tertiary constituents of the ejectameiita consist 
of altered tufa (few), fossiliferous marls, mudstones, and sandstones 
already described with earlier ejectamenta, and a j)eculiar series ol 
altered limestones and mctamor[)hic rocks most variable in structure 
and composition ; in fact, so different are their characters that it 
seems a most difficult matter to attempt any general classification, 
oven such as is within the scope of this i)aper. 

In my collection I have over four -hundred separate varieties, and 
each excursion adds new ones. From this wo sec that the study 
of these ejected blocks would require years of patient labour, and 
can yield but insignificant results until the study of the whole geo- 
logy of the neighbourhood gives ns an idea of the kind and <]uality 
of the rocks that underlie Monte 8omma. 

One of the commonest varieties generally included in this grouj) 
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holds a very doubtful place there. It occurs as blocks, ver^^ splintery, 
which attain a considerable size, and consist of a great abundance 
of sanidine crystals, large and well formed, scattered through a light 
grey or buff-coloured matrix, the uniformity of which is broken by 
a number of small garnets and prisms of amphibole. There seems 
to be no clear distinction between this rock and the pumice amongst 
which it is found, and of which it seems to be a compact variety. 
When examined microscopically it proves to be very free from ex- 
traneous impurities, and is often slightly vesicular. The minerals 
that go to fonn its principal components are exceedingly perfect and 
uninjured. The most abundant are amphibole, garnet (mclanite), 
and sanidine. The latter, in many of its crystals, presents a great 
number of amphibole microliths arranged along the idanes of growth 
as in that of the i»uraicc, which seems to confirm the common origin 
of the two. The analysis of this rock by Vauquelin quoted by Breislak 
shows it to })C identical w'ith pumice. Although some difference ap- 
j)arently exists between the two, it is necessary to repeat the analysis 
with careful choice of the sj)ecimens, and with the modem methods of 
chemical research. If tliis rock should really turn out to be of the 
same origin as the jnimice, the ami>hihole w ould be the only repre- 
sentative of the liisilicate grou]) to which it belongs, the presence of 
the pyroxene being simply accidental except that of second consoli- 
dation. Such evidence would ]>oiut to this rock being the same 
magma that formed the pumice, hut cooled slowly under ])rcssure. 

Wc may follow this i-oek through mtiny most delicate gradations 
into a syenite, so called. A’epheliiie, guarinite, titanite, zircon, all 
make their api)earance in the inse])arahlc varieties of it, which, in 
its highest crystalline states, seems to he composed of a friable ag- 
gregate of sanidine, black hornblende (syiitagmite), and garnet (me- 
lanite), the other minerals being subsidiary. Tlirough such masses, 
and often forming the gn'ater ])art of 1 lie detaclied blocks, are to be 
found veins rich in black, green, or brown mic a, which may support 
beautiful crystals of rod garnet or idocrase, and those again sustain 
dodecahedra of sodalite or hexagonal ]>risms of nepheline. 

By an cupially imperceptible gradation this micaceous rock may be 
mixed with pyroxene, anorthite, humite, and olivine, each of which 
may preponderate, so that a block may, for example, be composed 
of nothing hut an aggregate of pyroxene crystals. Passing into 
these there is a most extraordinary series of varieties of altered lime- 
stones which have developed within them, to a greater or less extent 
— pyrrhotitc, periclase, lapis lazuli, magnetite, s]nnel, wollastonite, 
pyroxene, meionite, anorthite, nepheline, leiicitc, &c. !Next come a 
series of metamorphosed dolomitic limestones, which may range 
from the purest white, i>orccllaiious in structure and fracture, through 
the saccharoidal stage, until each grain may reach the size of a wal- 
nut or more. The last degree consists of stratified limestones, in 
which the lines of deposition may he more or less distinctly exhibited 
hy diflerence of stiucturo or colour. Between the laminoo I have 
occasionally found the carbonized remnants of fuci or other vegetable 
remains. On the one hand we may have this limestone in such a 
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normal condition that it is nndistinguishablo from the Cretaceous 
Apennine rock of CastcUamare, and on the other entirely coinaTted 
into a mass of silicates. Thus Yve inaj’ find hand-specimens that 
show all the details of stratification, folding:, and faulting: of tin* 
laminm, and at another point its conversion into a saccharoidal snow- 
white marble with bands of tremolito (?), wollastoiiite, pyroxene, 

Very rai’ely one may find a specimen of a li2:htg:rey, eompact , trne 
trachyte, probably derived from older volcanic deposits through which 
the eruptions of Monte Somma burst their way. 

Lastly, there is an interesting series of brecciated rocks which 
have the appearance of old tufas rich in limestouc fragments. These 
are so altered that the interstitial matrix may be converted into a 
pyroxenic mass, which, however, may contain a most varied scries of 
minerals. The enclosed fragments of limestone are metamorphosed 
on the surface, and in some cases replaced by cavities filled witli 
crystals of wollastoiiite, pyroxene, olmne, and other silicates. These 
altered breccias graduate into compacted tufas of doubtful origin, 
which exhibit all stages of metamorphosis 

It has been my endeavour to give here nothing more than a rough 
enumeration of this interesting series of often ambiguous rocks, *not 
as of use to the mineralogist, but simply for the geological lessons 
they teach us. 

The powerful abrasion to which these ejected blocks were sub- 
jected when erupted must have resulted in the detachment of manv 
of their crj'stals, scattering them loosely through tlic deposit, or 
leading to their envelopment in the pumice. In this manner we 
meet with a large number of biotitc and pyroxene crystals which are 
usually more or less broken. 

This deposit was first generally, hut correctly, desciibed hy Ereis- 
lak ; but the earliest really minute examination of its components 

was made by 8cacchi t, and it is described by him in these words : 

‘‘Lapilli of pumice containing large quantities of liinostonc, various 
in structure and composition, and containing all the minerals, vith 
finely powdered substance, and also with fossiliferons shells and, 
again, when refuting the statements of Li])]>i, he redcscribes it, to- 
gether with similar deposits of the Pliiiian cmj)tion, adding ‘‘ Tlie 

limestone fragments arc often enveloped in the i)umice, the lava 
lapihi, and loose crystals of aiigito, olivine, and Icucite (?) 

lleiiKirks, — The study of this deposit ojicns up to our comprehension 
the magnificence and majesty of the eruption to wliich it was due 
and initiates us into some of the secrets of the most important phe- 
nomena of volcanic activity. ^ 

The same thing is repeated, and the illustration is far more vivid tlian 


* About eighteen months since T rncl willi a block of leucilitic Inva conlainijiL^ 
a mass of metallic iron and a sulphide, possibly troilite. Tliis bhK.‘k is now under- 
going inyesligapon and is likely to be of great interest in the results obtained 
t Loaom di geologia ’ (Napoli, 184.3), pp. 171 and 17-, and ‘ Notizie ijeolo- 
giche del Tulcani della Campania.’ ^ 

t “ Osservazioni critiche Bulla inaniera come fu seppolita V antiea Pomixu.*’ 
Jjettera estratta dal Bollctino arcbeologico Napolitano, No. vi. Marzo, 1843. 
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in earlier examples, namely, that the eruption commenced by the vio- 
loTil ejection of vitreous matter containing only a few crystals of sani- 
din(\, amphibole, and garnet.. The second, or perhaps all of these mine- 
rals, would lead us to believe in their formation at a time precedent to 
their ejection, deoj) below the surface and under great pressure. So 
ra})id Avas the expulsion and cooling of these earlier materials that 
they have retained their vitreous and vesicular structure. As this 
primary matter was hurled into the air, it carried with it the rem- 
nfints of lava and sc(n*ia that during the i>receding tranquillity had 
crumbled in and partly filled the crater. 

After the first paroxysm there seems to have been a lull, during 
Avhieh the finer ash-bed was deposited, and during which a more 
traiKiuil ebullition was going on, allowing the gradual escape of 
heat and vapour, so as to favour crystallization. 

The bursting through of the superincumbent pressure and conse- 
quent explosion, no doubt, must have cleared the vent to enormous 
depths, and the lull or temporary diminution of violent eruption 
would be coincident with the more gradual welling-up of new mate- 
rial from beloAV. This, as it rose to the surface, would gradually 
be reduced in temperature from the regular expansion of the aqueous 
matter, so that time would be given for its vitreous base to develop 
into “ formed ” materials, or in other words, the microliths of biotite 
and pyroxene. The essential or primary eruptive material of the 
middle subdivision, characterized by its more crystalline nature and 
less vesicular st ructure, shows that the elastic fluid had already, to a 
great extent, quitted it before its ejection. It is just this escape of 
aqueous and ot her vapour that tore off those interesting metamorphic 
rocks above mentioned, and so greatly increased the size and depth 
of the crater. 

The A Pennine limestone, as we have seen, forms the platform on 
which were deposited the (juaternary sandstones, marls, and clays 
Avhicli support i)robably very early volcanic deposits and certainly 
the majestic cone of this prehistoric volcano. It was through 
tliese rocks that the igneous magma found an outlet, and through 
them poured, for centuries uj)on centuries, that lava and its 
products which, cooling and collecting around the vent, gradually 
built up a mountain more than 2000 metres in height. During all 
this time the walls of the chimney had been bathed by a stream of 
liquid silicates of very high temperature and under considerable 
pressure, varying with the distance from the surface, &c. Such 
conditions could hardly he expected to do othcrAvise than bring about 
most important chemical changes in the surrounding limestone, so 
as, in some cases, to replace it by rocks totally different. It is not 
uncommon to meet Avitli blocks of limestone Avliich have been taken 
u]) by a, lava-stream as it floAved over the surface. Ihe result of which 
is that A\ hat Avas a carbonate becomes covered with a shell variable 
in thickness, but filled with minute crystals of pyroxene and biotite. 
If such effects can be ]>roduced in, at the most, a few weeks, at ordi- 
nary atmospheric pressure and lowered temperature, what should wo 
0.1.0. 8. No. 157. Ct 
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expect to be the condition of the limestone which forms the walls of 
a volcanic chimney ? 

So high, indeed, has been the temperature that sometimes a rem- 
nant of limestone in a mass of pyroxenic or other rock had been 
completely fused, so as to form so many beads covering the walls of 
the cavity. We know from the experiments of Sir J. Hall on 
calcic carbonate, that this substance only fuses at very high temper- 
ature, and under such pressure as prevents the escape of the carbonic 
anhydride. 

Another example is that of gcods of leucite crystals in an altered 
limestone, rather common among these ejectamenta, which must 
have, undoubtedly, been deposited by fusion, in addition to which the 
crj^stals usually show signs of part rcfiision. Knowing the very 
refractory nature of this mineral, we may form some idea at least of 
the temperature that some of the limestones only slightly altered 
have undergone. 

The earlier eruptions, and especially the first of this Phase, wo 
have shown to have already formed a crater of large dimensions 
whose apex had reached into the subjacent Tertiary beds, the 
remnants of which we showed to be commonly mixed with the 
primary materials. This eruption wc have been studying was one 
of the most violent, if not the most violent, of paroxysms, that had 
been tearing out the heart of the mountain, and added not a little 
to extend what had already been accomplished. By re-paring the 
walls of the crater, it had still more enlarged it, and carried the 
apex deeper into the sedimentary limestone that formed the base 
on which reposes the volcano. 

Any one who makes himself acquainted with the resulting deposits 
of this eruption cannot but be astonished at the size and abundance of 
the blocks of limestone and its derivatives. I measured on one occa- 
sion in a section a block of limestone which had a face of 2 x 3 metres ; 
and there are many blocks of lava about a metre in diameter, showing 
with what power they must have been torn off and hurled forth. If 
we attempt to form a conception of the amount of sedimentary rock 
that has thus been broken up, we arrive at the conclusion that the 
crater produced by this paroxysmal eruption must have extended 
deep into the underlying limestone. It has already been shown that 
limestone must exist at a considerable depth below the Campanian 
plain, which is but a few feet above sea-level, and from which this 
volcano rises. We see, therefore, that this cratcrial hollow must 
have extended far below the level of the sea, thus confirming the 
calculation already derived from the ratio existing between the 
breadth and dcx>th of a crater. 

At the latter part of the erui)tion, when the expansion of aqueous 
matter went on more gradually, and the development of the vitreous 
magma into a crystalline form was complete, the absence of the 
amorphous base would render the cohesion between the crystals and 
microliths much feebler, so that, as expansion continued, the whole 
might bo reduced to ash. Even were the cohesion not entirely 
destroyed, yet we may suppose it to be much reduced, so as to render 
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the mass friable. The explosions, as they became feebler, would no 
longer hurl the pumice and lax^illi beyond the crater-rim, and on falling, 
they would be reduced to dust by the violent attrition to which they 
would be subjected. The continual abrasion of each particle would 
result in dust which, from its lightness, would be all that was carried 
to any height by the ascending column of vax)our, and therefore the 
only material that could fall on the outer slopes of the cone. It is 
possible that the pisolitic grains may be due to the falling ^of the 
pulverized water derived from the inflow from the sides of the crater 
below drainage-level and the condensed vapour mixing with this ash 
either as it fell or afterwards, so as to convert it into a mud or 
“ moya.” 

From these deposits immediately supporting the products of the 
Plinian eruption, wiiich is the first true historic outburst of the 
mountain, we may conclude that this is the last inehistoric one, 
although there is a kind of legend that may possibly apply to this. 
Vitruvius* says that, according to history, Vesuvius once burst and 
covered the environs with its fires, and Diodorus Siculus t rei)orts 
that Hercules saw Vesuvius, wddeh at that time vomited fire like 
Etna. 

So far as w’e have gone in the study of the histology of the 
Xmraicoous products of Honie Somma, the absence of leucite, either 
as crystals or microliths, as a component of these vesicular xjrimarv 
or essential materials of parox 3 'smal eruptive origin, has been verj' 
remarkable. Henceforw^ard in all the pumice of similar and ana- 
logous d (‘posits leucite plan's a very important, part as one of the 
constituents. 


Phask VII., Period 1. 

The eruption o/’a.d. 7b, or the Plinian eruption. 

The letters of Pliny the youug(?r to Tacitus, altliough wndtten half 
a century after the event, by an unscientific observer, liave yet all 
the ax)j)earance of an impartial and correct account of the vouthful 
impressions of an educated Homan. It ’would be useless to repeat 
the two letters in their entirety^ since they are so well known, and 
therefore only those passages are (] noted that bear directly on our 
subject. It wdll bo convt‘nicnt to follow the same order as in dis- 
cussing earlier eruptions, namely, examination “ en gros ’’ and in 
minute structure, the manner of deposition, and then the eomx)arison 
of the results 'with wdiat Pliny records. 

Ii()p 08 ing directly on the streets of Pompeii wo have about four 
metros of piimico mixed with many leucilitic lapilli and that 
same series of eiceted metamorphic and other foreign rocks that 
we see in Phase VI., Period 4. Like that deposit also, the eruptive 
materials are capable of subdivision into three groups similar to those 
of the preceding ejcctamenta. 

The lowest of these is a white light pumice containing a number 

*■ Lib. ii. chap. vi. 

t Lib. V. cap. xxi., or ‘ TTistoire naturelle des volcans,’ &c., par C. N. Ordinaire 
ci-dovant chanoine de Rioui, Paris, 1802. ’ 



84 


H. J. JOHNSTON-LAVIS ON THE GEOLOGY 


of sanidine crystals besides a few of amphibole and garnet. To the 
unaided eye it is undistinguishable from the equivalent in Phase YI. 
Period 4. 

Micro 8 co 2 ^iml examination. — The sanidine is of the usual kind. 
The amphibole exists as small crystals and large microliths of the 
ordinary dark green tint. There are some large well-formed platos 
of biotite and a good many beautiful hexagonal sepia-coloured 
microlithic plates of the same mineral, remarkable for their perfec- 
tion and purity. 

Melanite, rather light in colour, occurs in well-formed crystals. 
In one case there was a melanite ciy^stal traversed by one of amphi- 
bole, the prism of which, however, thinned as it approached from 
either side towards the centre of the garnet, showing that these 
two minerals were contemporaneous in their growl h, although the 
amphibole had the start. There are a few crystals of pyroxene and 
also a few microliths. 

The most obvious fact that distinguishes this pumice from till we 
have yet studied is the enormous number of microliths of Icucitc. 
These are seen usually as transparent i)olyhedral sections whose 
outlines arc well marked h)’ tin? layer of dusty glass that surrounds 
them. This dusty matter seems from time to' time to have increased 
to such au extent as to impede the regular growth of the crystal, 
which was compelled as it enlarged to ('nvelo])e strata of this dusty 
matter BO as to form glass-cavities parallel to the ciy^st allin e facets. 
A few rod-like microliths are often entirely enclosed, or may jiroject 
from the surface of an individual leucite crystal. The crystals or, 
more properly, microliths of tliis mineral are so small that they 
remain dark between crossed nicols, though a few of the largest ex- 
amples may, by care, be made to transmit a. very feeble grey light, 
but not strong enough to exhibit the peculiar and characteristic 
striation of larger crystals of leucite. 

The matrix is a clear and colourless glass, very vesicular ; the 
cavities are not uncommonly drawn out into long tubes so as to' give 
a fibrous appearance to the rock. ^ 

General Description . — The middle subdivision, or up])er of the 
pumice, is the rath(T gradual scrpient of that we have just described. 
Towards the upper part, where its sj)ecial charaelers arc? fully de- 
veloped, the pumice is a very compact browuisli or, rarely, greenish 
gre} -coloured rock. It usually encloses many erratic fragments 
and crystals. 

Microscopic /S 7 r//c/u/v^-~All the elememts that existed in the white? 
pumice, are to he found in this, exce])t that most of the minerals 
are Iarg(?r and more extensively developed. The principal difference 
18 in the number of pyroxene crystals and microliths. 

The darker colour of the rock is due to the much greater deve- 
lopment of the dirty material surrounding the leucite, which seems, 
under the highest powers, to bo composed of minute rods, probably 
pjjoxene, and minute globulites, which may he magnetite partially 
altered, so giving a brownish tint. 

Inhere still remains a considerable quantity of interstitial glass, as 
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all the “ formed ’’ materials seem to have collected around the leucites 
as BO many nuclei, which in any but thin sections look like a great 
number of granular brown balls, crowding one upon another. The 
vesicularity of the rock is slight, and the cavities, instead of having 
sweeping outlines, as in the vitreous pumice, are irregular, having to 
find a place between the leucite and its attendent microliths. In 
neither of these subdivisions does the leucite attain any considerable 
size. A.S already pointed out, these are but artificial subdivisions ; 
just as in other cases, there is not any distinct line of demarca- 
tion between them. The upper portion, both to the naked eye and 
in microscopical structure, is a more highly crystalline condition 
of the lower. 

Huperposed in a very abrupt manner upon this thick deposit of 
pumice is a fine brownish or greyish ash-bed, which forms the 
third subdivision. 

General Description , — It is remarkalde for its great richness in 
pisolites, whicli are well formed and may reach one or two centimetres 
in diameter. This pisolitic bed is broken by two thin bands of lapilli, 
the lower one only separated by a few centimetres from the surface 
of the pumice, whereas the upper seems to be the last product of 
the eruj)tion or at least nearly so. The lapilli seem to be of leucilitic 
lava, mixed with a few fragments of highly microlithic pumice. 

This ash-bed, if we may call it so, taken as a whole, is moderately 
coherent, and must have either been deposited in a moist condition, 
or have assumed that form very (piickly. This is proved by the corpses 
of some of the tieeing rompoians which were enveloped in it, which, 
although they have completdy disappeared, have left a perfect 
hollow mould. 8ignor Tiorelli has on many occasions been able to 
reproduce the forms by pouiing liquid plaster of Paris into the 
hollow. The casts prove that the originals were envelo])ed suddenly ; 
for there are no signs of gaseous distension of the abdomen, which 
soon results from decomposition. 

liemarl's. — TJie subdivisions of the ejectamenta are borne out by 
the changes that occurred from time to time in the eruptive pheno- 
mena. Thus Pliny says, “ It [the cloud ] appeared sometimes bright, 
and sometimes dark and sj)otted, as it was more or less impregnated 
with cfirth and ci riders.’’ “ He was now so nigh the mountain that 
the cinders, which grow thicker and hotter the nearer he approached, 
feU into the shi])s, together with pumice stones and black pieces of 
burning rock.” They consulted together whether it would be most 
jnudent to trust to the houses, which now shook from side to side 
with frequent and violent concussions, or to fly to the open fields, 
where the calcined stones and cinders, though light, indeed, yet fell 
in large showers and threatened destruction.” These quotations from 
the first epistle show that the earlier part of the eruption consisted 
of ejection of pumice, stones, &c. (/. e, ejected foreign rocks, and 
leucilitic lapilli) ; “ black pieces of burning rock ” tilso probably refer 
to these latter materials. 

In the second epistle we read this : “ Soon afterwards [first or 
second morning after the departure of the elder Pliny ?] the cloud 
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seemed to descend and cover the whole ocean [it probably was the 
north wind, or tramontana] as it certainly hid the island of Capri 
and the promontory of Misenum. Soon after they were enveloped 
in darkness, and a cloud of ashes.” “ At last this dreadful darkness 
was dissipated by degrees, like a cloud of smoke ; and the real day 
returned, and soon the sun appeared, though very faintly, as when 
an eclipse is coming on. Every object that presented itself to our 
eyes (which were extremely weakened) seemed changed, being 
covered over with white ashes as with a deep snow.” From this 
we learn that the latter part of the eruption was accompanied by 
the ejection of ashes. 

The size of some of the fragments that fell in Pompeii was occa- 
sionally considerable. Bir W. Hamilton mentions* some weighing 
eight pounds, but remarks that they decrease as we proceed towards 
Castellamare, a fact we should expect. Jiurge blocks of pumice and 
lava are commonly to be met with w-eigliing five or six pounds. 

It will be remarked that, in general characters, this l^liiiian de- 
posit resembles very much that described under tlie heading Phase 
VI., Period 4 ; so much so in fact as to lead one to correlate them 
together. We have for instance ; — 

1st. The pumice capable of two analogous subdivisions quite or 
at least almost similar. 

2nd. The deposit in api)earance terminating with a pisolitic ash- 
bed. 

3rd. The similarities in the accessory and accidental components 
of the ejectamenta, viz. haiciliric lapilli : and the great variety of 
sedimentary and metamorj^hic erratics. 

4th. The opinions of so many eminent and careful observers as 
Breislak, Berope, Haubeny, Bcacchi, and a host of others. 

Indeed so striking is the resemblance, that up to quite a recent 
date I fully believed the same m 5 ’self. When, however, the micro- 
scope revealed the enormous abundance of leucite in the Plinian, 
and its practically total absenra* in pro- Plinian ])uniic(;, with other 
details of minute structur(‘, and th(‘.so were su])oradded to stratigra- 
phical reasons, such preconceived ideas were obliged to give way. 

Neither was the conclusion ])ascd on onlj^ one or two ])reparation8, 
but sections were prepared from every conceivable varic^ty, and of 
pumice from many localities. 

At the Canale di Arena the dei)osits of Phase VI., Period 4 can 
be easily recognized, its pisolitic division being well developed. 
Above this and distinctly suj)erimposed upon it, is a bed of pumice 
in all respects identical with that covering Pompeii, and with regard 
to which there seems to be little doubt that they both belong to 
the same eruption. 

In the Lagno di Trocchia, in a section of the valley side at a certain 
height, may be seen the entombed ruin of a Homan villa reposing on 
deposits of the pre-Plinian eruption, the pumice of which has been 
used as a mortar-making material, proving the house to be posterior 
to that eruption. I have obtained a number of potsherds, bits of 
* ‘ Oanipi PhlegrsBi.’ 
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glass and fresco, some tiles, &c. These were submitted to my archse- 
ological friend S. Stevens, Esq., of Naples, who pronounces them to 
belong to a period ranging back at least a century before the Chris- 

Pig. 1 . — Section exhibited in the North Banlc of the Lagno di 
Trocchia, MU Somma. 



a. Vegetable soil. 

h Alluvial breccia. 

c. Black ])uniic'eous scoria. Piiask VII., Period 4. 

d. Alluvium. 

e. Alluviinn with potsherds, fragments of glass, tiles, &c. 

f. Spoiigj^ grey ])umice. Piiask VI., Period tl. 

g. Walls of an old Koinau house. 

tian era. Naturall}" such debris can carry no accurate date with 
them, yet amongst the fragments collected was a piece of a “ dolium,’^ 
or oil-jar, bearing an early inscription which seems to show a farm- 
house, built about n.c. 150, and probably deserted somewhere near 
the Christian era or perhaps later. Amother bit of evidence of a 
similar kind, is the foundation of a villa seen in section in the 
Lagno Genzano, on its western side. The base of these ruined walls 
and of a cistern (well preserved) is built upon and into the pre- 
Plinian pumice, but nowhere reach its bottom. The building seems 
to have been of some importance, if we may judge from the sections 
of Doric columns scattered about, which are cut out of Nocerine 
tufa. According to Mr. Stevens’s opinion these certainly belong to 
a period anterior to the Christian era. 
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We may easily explain the similarity in general features and 
arrangement of these two distinct deposits, by the conditions under 
which they were formed and ejected being almost analogous. 

^ We have in the section of the Canale di Arena, overlying the 
pisolitic bed of Phase VI., Period 4, the already mentioned deposits 
of brown pumice, moderately compact, resembling the upper sub- 
division of that covering Pompeii even to the minutest details of 
microscopic stnicture. It may seem curious that this is the only 
northern part of Monte Somma where this pumice has yet been met 
■v^th, and that both the lower subdivision of the pumice and the 
pisolitic ash-beds are wanting. The two absent subdivisions were 
the lightest and most capable of transport by the wind, which we 
know from Pliny’s account to have blown somewhere to southwards. 
Wc must also remember that the crater had higher walls to the 
north, so as to prevent to some extent the directing of the ejccta- 
menta on that side. Also the wind I’eaching the eruptive column 
at a higher j)oint on the north w'^ould impress itself more power- 
fully on the uprushing materials, there moving at a proportionally 
diminished speed, so as to direct them towards the south or least 
resistent side. 


^ That a powerful wind did blow in the direction above indicated 
IS confirmed by the great abundance of pumice, for the most part 
similar in all details, which is to be found on Monte St. Angelo be- 
hind Castellamare. Almost at the summit of this mass of Apennine 
limestone are extensive dejiosits of pumice with a few leucilitic 
lapilli and erratic fragments. 

^ Prof. A. 8cacchi * says a propos of this Put the lapilli ejected 
in the ^eat eruption of a.d. 79, which entombed Pompeii, and those 
which, m the direction of Vesuvius and Pompeii, form thick strata 
on tho mountains of Castellamare and Sorrento, are composed in great 
part of pumice.^’ 


That the phenomena of this paroxysmal eruption exhibited ex- 
traordinary violence and force, history but too well recounts; yet we 
are most powerfully impressed with this fact when we encounter large 
quantities of its products cai-ried a distance of twenty-two kilometres, 
and there deposited on a mountain which must then have been more 
than 300 or 400 metres higher than the then existing crater-edge, 
fievertheloss the ejectamenta of this eruption are comparatively of 
small volume compared with those of that which preceded it, and it 
IS doubtful whether the already existing crater had more than its 
bottom cleared out and its walls shaved by tho explosions. 

Stralw has been often quoted to prove that the summit of the 
mountain before the Plinian eruption was a plain, which could not 
possibly ha,ve given the peculiar natural protection that Snartaons 
and ins foUowers sought and found. In fact tho words of the great 
geographer, “Immiiiet hisce locis Vesuvius mens, agris cinctus 
optimis, dempto vertice qui magna sui parte planus,” may weU be 
understood as a craterial hollow enclosing a large plain and having 

r ^Pob, 1843, p. 169, and ‘ Notizie goologiche del 

vulcam della Campania.’ (These are the same.) ® 
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but one outlet, probably the Fosse Yetrana and Faraone. It is 
only in this manner that we can reconcile the two descriptions. 

According to the opinions of Prof. Pabnieri * the Plinian erup- 
tion played a most important part in the building up of the modern 
Vesuvian cone. It is a remarkable fact that very rarely does 
a paroxysmal erui)tion terminate in a cone-forming stage, but 
rather leaves a jagged crater whose sides gradually shelve down 
to the chimney or vent. Even admitting a cone of considerable 
size to have been formed, we shall see that subsequent eruptions, 
and especially that of the fifth century, must have inevitably 
destroyed it. 

This eruption seems to have followed the usual course. It com- 
menced by the sudden explosion and frothing up of the vitreous 
amphi bole-bearing magma. When the tension had been somewhat 
relieved, the ejection became more regular, and took a longer time to 
expel a given quantity of material, so that this could undergo a cer- 
tain amount of crystallization, thus permitting the replacement to a 
considerable extent of the vitreous base by a microcrystalline one, 
and increasing the size of the already existing crystals, besides 
adding pyroxene t to its microliths. 

The diminution of force would go on until the pumice and other 
material would no longer reach the outer slopes of the crater, but 
would undergo mechanical disintegration bj’ the continual motion to 
which they would be subjected by the comparatively feeble eruptive 
action going on in that space. The breaking u]) of the pumice 
would be aided by the feebler cohesion among the microliths than 
between the molecules of the more vitreous examples. The re- 
sulting fine ash would be carried by the uprushing column of vapour, 
to be borne away and deposited as the pisolitic bod. This seems to 
have fallen as, or soon to have been coji verted into, a mud by the 
mingling with the condensed vapour and pulverized water derived from 
the inflow into the crater and chimnej'. That this material was a 
mud when it first reached its present site seems proved by the 
accurate moulds it took of men and animals before any decom- 
position had set in. In fact it api)ear8 from the Plinian epistle 
that it was probably this fine material that had such a fatal effect 
upon the elder Pliny. He was, one would imagine, from the descrip- 
tion of him, rather a stout man, whose respiratory and circulatory 
organs had undergone considerable senile degeneration, so as to be 
unable to resist what his attendants escaped from. 

It has not been considered worth while to go into the long con- 

* ‘ Vesuvio e la sua Storia ’ and ‘ Pompei e la rogione sotterata dal Yesuvio 
iiell’ anno lxxix.’ Napoli, 1879, p. 94. 

t This goes to confirm what has been said of the relation between these two 
allied minerals and the pressure under which they wore formed. That they 
depend upon the different conditions under which they wore brought into ex- 
istence, and the difficulty of the crystallization of arapliibole at ordinary pressure, 
seems well shown by the following experiment : “ Nous avons encore produit 
une andesite augitiquo en fondant un melange do 10 parties d’oligoclase et 
d’une partie d’amphibole ; Tamphibole s’est done transform^e en pyroxene.” 
Fouqu6 et Levy, ‘ Synthese des min6raux et des roches,’ p. 00. 
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troversy that arose (and was supported by Pilla, Tondi, Tenore) as 
to the aqueous deposition of the pumice, &c., which envelops Pompeii ; 
the whole of the arguments in favour of this view being cleverly 
refuted by Prof. A. Scacchi. An abstract account may be found in 
Lyell’s ‘ Principles ’ and in some original papers of Scacchi 

So far we have said little of Herculaneum. The lower part of 
the tufa that covers this city seems to have fallen from the air in 
the same manner as at Pomxjeii, and only to have been enveloped in 
the mud at a later period of the eruption. How it was that such 
an enormous dex)0Bit of “ lava d’ acqua/’ as it is locally called, collected 
at this particular spot, is a somewhat difficult question to answer ; 
there may have been above the town the lower extremity of some 
considerable valloue which may have collected the mud, and directed 
it upon the doomed city. In the chapter on denudation, it is 
shown what a sharp shower of rain can do in the way of transporting 
materials ; but when we consider the enormous amount of vapour 
arising from one of these paroxysmal eruptions mixed with falling 
and loose pumice, we are aided in the comx)rehension of this some- 
what extraordinary phenomenon. 

As this eruption is really the first one distinctly recorded in history, 
and as its pumice is characterized by the presence of leucite in 
great abundance, I have thought it convenient to group it with 
others its direct successors, under the head of Phase VII., all of 
them being rich in microliths and crystals of leucite as components 
of the primary or essential material. This leucitic condition of the 
pumice is a character of no little importance in the study of the 
formation of volcanic rocks. Messrs. Pouque and Levy t, in making 
a Icucotephrite, found that the leucite crystallized at a white heat, 
but they had to reduce the crucible to a red heat before the felspar 
separated out. 

We must suppose that the magma that gave rise to this eruption 
had by the gradual escape of heat undergone the crystallization of 
its leucite, since this mineral does not seem to have increased in 
size or number from the very beginning to the end of the eruxfiion. 
We should therefore expect the temjierature to have been lower 
than on former occasions, when the sudden ejection and cooling 
prevented the development of this mineral. 

The experiment of the artificial formation of rocks is thoroughly 
borne out, when it is stated that the lelspar would only crystallize 
at a red heat, since of all the minerals it seems to be one of the 
last formed in the pumice, being later than amphibole, magnetite, 
biotite, and pyroxene in some cases. There is a fact, however, that 
is hardly reconcilable with the above-mentioned relation of the two 
minerals under discussion. In a later erui)tion a rock was ejected 
in which the leucites may be as large as walnuts, and often partly 
or entirely envelop large crystals of sanidine and pyroxene. 

It seems to me that prolonged “ recuite ” at ordinary atmospheric 

* “ Osservazioni critiche sulla maniera come fu seppelita 1’ antica Pompei,” 
and “Bollettino archeologico Napolitano,” no. yi. Marzo, 1843. 

t ‘ Synthese des mineraux et des roches,’ p. 65. 
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pressure was most favourable to its development, if we may judge 
from subsequent erujjtions. 

Phase VII., Period 2. 

General Description . — Eeposing upon the pumice that we have 
considered as Plinian, we may see in tho section of the Canale di 
Arena about a metre of yellowish-grey pumiceous lapilli. The pri- 
mary material consists of, ordinarily, a yellowish or brownish-grey 
pumice, graduating from a moderately spongy to a very compact tex- 
ture. A considerable number of crystals of biotitc, amphibole, sani- 
dinc, and leucito are scattered throughout the mass. ThQ last of 
these minerals occurs in irregular and impure crj'stals, ranging from 
a centimetre in diameter downwards, which, in the more compact frag- 
ments, are very abundant. The pumice graduates into a porphyritic 
rock exactly similar to that described amongst the ejected blocks 
of the pre-Plinian eruption (Phasp: YI., Period 4), except that in 
this case the porphyritically enclosed sanidine is, to a great extent, 
replaced by crystals of Icucite. This rock seems to bear the same 
relation to the pumice of this period as docs its earlier analogue to 
the corresj)onding pumice. 

The primary material is exceedingly rich in enclosed fragments 
of secondary and tertiary erratics. 

Microseopic E:camination. — Amphibole, pyroxene, sanidine, garnet, 
and biotite, all occur in y'ell-formed crystals, having all the cha- 
racters of the same minerals in earlier ejectamenta. Their relative 
abundance is in the order in which they are placed above, the 
amphibole (?) * being the most common. 

The Icucite occurs as very pellucid crystals, except where traversed 
by long slender micrulithic rods and a few cavities. Occasionally 
enclosed within the leucitc is a well-formed crystal of amphibole. 
The large leucites are the onh^ ones that exhibit the optical proper- 
ties of that mineral in polarized light, but they do so to perfection. 

Sometimes one meets with patches of an intimate interlacement 
of amphibole, garnet, and magnetite. 

Besides the large and well-developed light-green crystals of 
pyroxene there are a considerable number of large microliths, or 
perhaps more properly, small crystals of that mineral. They are 
light-green rod-like prisms, fairly well terminated. The leucite 
microliths are somewhat larger than those of the Plinian eruption, 
and are in such profusion that they are as closely packed together as 
they can be, only the interspaces being tilled by a greenish or brownish 
mass. This interstitial substance is composed of minute microliths, 
or belonites and globulites ; the former are of doubtful character, 
but, by analogy, we may refer the globulites to magnetite, though 
their minuteness prevents one getting a clear sight of any individuals, 
even under the highest powers. 

There would seem to bo a small and variable quantity of vitreous 
base, according to the extent of formed material that in any speci- 

* I am not quite sure about the determination of this mineral. 
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inaen has been separated out. The large crystals of leucite are 
excessively rich in minute glass-cavities ; a few, however, are large, 
and may contain as many as six or more vacuoles. 

^ Ve^ long and slender microlithic rods traverse the crystal in every 
direction, the larger of which seem to be amphibole. The micro- 
liths and small amphibole crystals often traverse largo cavities of 
glass of slightly brown colour, which may at the same time contain 
vacuoles. 

Remarhs , — The rock under consideration is the more highly crys- 
talline successor of that of the Plinian eruption. The structure is 
much the same, except that each component has been carried to a 
much higher state of development, so that the leucite, for instance, 
has passed from the microlithic state to crystals of considerable dimen- 
sions. The facts would lead us to conciudc that the igneous matter 
has been exposed for a time, before its ejection, to exactly the same 
conditions as its predecessor. If we judges by the limited distri- 
bution of this deposit, the eruption that ejected it could not have 
been a very forcible one. 

After the Plinian eruption had terminated, the crater, as is always 
the case, became partly filled up by the crumbling in of its walls, 
so as to form a plain over its bottom. This we are led to conclude 
from what is generally known to follow a paroxysmal eruplion, and 
certainly is confirmed by the account of Galon of which Prof. 
Phillips f remarks, “ Prom this account we may conclude that 
nothing like the modern cone of Yesuvius existed.” 

The result of such an eruption as the ])rosent, bursting through 
the crater-plain, and being so feeble that with difficulty it hoisted 
its products only just sufficiently to deposit a portion on the great 
crater-rim, would be to build up a cone or crater-ring around its 
own vent. 8uch a cone of eruption would be a re 2 )resentative of 
the present Yesuvius, but was, no doubt, in part, if not wholly, de- 
stroyed by the great eruption of a.d. 472. 

This eruption, immediately subsequent to that of A.n. TO, so far 
as stratigraphical evidence is afforded, would correspond with that 
recorded by Dion Cassius and Galen to have h;q)poned in the year 
2U3, and to have continued for eight days. 

Phase YIL, Period 3. 

General Description . upon the deposit of pumice just 
described we see, in the section of the Canale di Arena, 2^ metres 
of coarse breccia, composed of large blocks of lava and lajulli. This 
is interlaminated at various points by bands of a pumice, to all 
intents and purposes un distinguishable from the last, except perhaps 
by a slightly more perfected development of formed materials, besides 
larger crystallization ; but the actual measure of this can hardly be 
obtained, except as a rough appreciation. 

It is interesting to notice that many of the larger blocks of lava 
contain various zeolites, probably as the result of their exposure in 

* Lib. xvi. t ‘ Yesuyius,’ p. 41 . 
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the bottom of the crater to the suitable conditions for the deposition 
of that group of hydrous silicates, before they were ejected. 

Remarks ^ — From various authorities we learn that there were 
eruptions during the years a.d. 243, 305, and 321, of a, feeble type. 
These are probably represented by the pumiceous breccia ; but from 
the absence of any unconformability or variation of structure be- 
tween one part of the deposit and another, it is quite impossible to 
know whether this may represent one or all of these eruptive phases. 
At any rate we may suppose that they added their ejectamenta 
principally to swell the cone of eruption forming at the bottom of 
the great crater. 


Phase YII., Period 4. 

General Description . — The next in order in the section of the 
Canale di Arena is a bed about a metre in thickness. It consists 
principally of masses of black pumiceous scoria, loose fragments of 
large leucite crj^stals, a few leucilitic lapilli, and foreign metamorphic 
and other rocks, overlain by a metre of coarse breccia. 

Around the foot of the mountain arc very extensive deposits of 
this eruption. For example, all the valloiii or lagni between the 
Fossa Faraone and the Lagno diTrocchia usually show in their sections 
thick accumulations of these scoriaceous materials, mixed with much 
sand and dust of the same origin. In the Lagno di Pollena we ob- 
serve that these materials have completely tilled the old valley that 
now lies to the south of the present one, where their thickness is 
10 metres or more. 

Patches occur in this section where the surface at least has changed 
colour to a brown, owing to the higher oxidation and hydration of the 
magnetite. The materials arc also very subject to consolidation 
cn masse by the infiltration of calcareous matter ; their consequent 
resistance to denudation i>lay8 some part in modifying the super- 
ficial features of tliat portion of the mountain where they are found. 

The south and west slopes of Monte Somma, although not showing 
this deposit in sections, which are nearly absent, nevertheless where 
the mountain is left uncovered by lava-si reams, present many loose 
fragments belonging to it collected together in the garden stone- 
heax)S or employed for wall-building. 

This scoria may be detected all over the mountain, but seems not 
to be abundant west of a line drawn from north-west to south-east. 

The scoria, which still retains a slight pumiceous facies about it, 
is a heavy and fairly comi)act rock, but very ragged, and containing 
many irregular cavities, which may be partly occupied by a leucite 
crystal or fragment of some rock caught up in the plastic mass. 
The surface presents an irregular corded and denser coat. 

The size is very variable, but pieces some pounds in weight are 
exceedingly common, and still larger ones are not rare. I lately broke 
up a block that must have weighed GO or 70 kilogrammes, and 
which yielded over a hundred fine crystiils of leucite more than one 
centimetre in diameter. One splendid crystal, measuring three 
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centimetres across, was perfect, being free from fracture or inter- 
penetration of other individuals, and is one of the finest specimens 
yielded by this volcano. The leucite is rarely pure, and often 
encloses crystals of amphibole or pyroxene; others partly or entirely 
envelop large crystals of sanidine, showing that here the leucite was 
formed later than the felspar. One may shell off from some indi- 
viduals a coat of variable thickness, leaving an exact model on a 
smaller scale in the nucleus, the line of separation being generally 
a stratum of glass-cavities or microliths, the whole reminding one of 
the so-called capped quartz. So abundant are these zones of impu- 
rities that the crystals break with great ease along these planes, 
giving a pseudo-cleavage parallel to the crystalline facets. The 
most interesting facts to the geologist are Ihe evidence this mineral 
affords of the great churning and oscillation of temperature that the 
viscous magma mast have undergone. As already mentioned, most 
of the crystals are broken, others show partial repair, whilst others 
again have been in part re-fused, so that their angles and edges are 
all rounded. We may also find crystals fractured and the pieces 
only slightly displaced from one another ; in other cases the crystal 
is crushed and flattened out as the result of compression in an almost 
solidified condition of the matrix. The most interesting examjdes 
are crystals in which all the crystalline edges and angles have been 
removed so as to reduce the crystal to a sphere or agglomeration of 
spheres. 

Large crystals of sonidine and pyroxene, and plates of biotite may 
be easily seen by the naked eye, besides a few grains of olivine. 

Microscop'k'ul Emmination , — The leucite shows to perfection its 
special optical jiroperties between crossed nicols. Jlesidcs the enclo- 
sures of other minerals, there arc a vast number of glass-cavities, 
some of which are very remarkalde. One of fusiform shape had 
projecting into it from its extremities two microliths, placed in the 
same line with each other, but fheir two extremities separated a 
certain distance. Near the end of each of these rods was a vacuole 
in the clear light scpia-coloured glass. 

The pyroxene is usually very well formed, tliough it may he much 
broken. It is usually of a light-green colour, though there is every 
shade between white and very dark green, and wo may see many 
crystals enveloped in a darker coat than their interior. The resem- 
blance of the darker specimens of this mineral to amphibole is such 
that in many cases it is almost impossible to distinguish them. The 
peculiar variation in colour of the pyroxene is not an uncommon 
thing, and is well seen in the same mineral from other localities, such, 
for instance, as the beautiful prisms from Tyrol. 

The biotite has the usual colour and character. The plates are 
often torn asunder, or t wisted in various manners. Where a crystal 
has its plane of cleavage j)erpendieular to the plane of the section 
the plates may he scon to have been ruffled and frayed up, and 
pleated and folded back, showing the kneading action to which the 
semiviscid or plastic mass must have been subjected. Melanite and 
magnetite both occur in large and pretty well formed crj^stals. 
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The microliths of leucite are difficult to obtain a clear view of; 
they appear more irregular in form than is generally the case. 

This obscuration is due to a dark brownish-green granular mate- 
rial that seems to be composed of broken-up microliths of pyroxene 
added to a considerable number of irregular ones of magnetite. The 
blackish colour of this scoria seems to depend on this abundance of 
magnetite and pyroxene in a dusty form, just as in its analogue of 
Phase III., Period 2. 

The microscopic inclusions of foreign matters arc even more 
common than the macroscopic. 

RemarTcs , — The year a.d. 471 or 472 witnessed one of the most 
terrible of historic eruptions, almost rivalling that of a.d. 79. It 
is said that ashes fell in various parts of Europe, and even terrified 
the people of Constantinople, to which city some ashes reached. The 
eruption is said to have continued for three or four years. 

This record seems to correspond exactly with what it would lead 
us to expect to find iii the characters of the cjectamenta, which seem 
to show signs of long duration. 

It appears that the structure and composition of these scoriaceous 
pumices show that the mass was kept boiling up for some time, so 
as to allow of the formation of the larger leucite and other crystals. 
At the same time the magma gradually lost its essentifil volatile 
components, and was by degrees reduced in temperature ; for the 
evidence of fracture of the crystals, pulverization of the microliths, 
and envelopment of fragments of other rocks, shows that for a long 
time the mass was kept in a continual state of movement. Those 
portions that were already cooled would be ground and j)ulverized 
in the crater by the continual explosions, affording those ash-showers 
that disturbed the peace of Europe. Erom time to time the solid 
or still plastic masses were ejected so as to fall on the outer slopes 
of the cone, on which, during a period of three years, were accu- 
mulated those not unimportant deposits already spoken of. 

Whether this eruption was, at its commencement, sufficiently 
violent to have destroyed the cone which had been formed by 
the small eruptions between a.d. 79 and its date, it is difficult 
to decide ; but there seems little doubt that this one, especially 
during its feebler spasms, did much to add to the crater-plain and 
raised up on it a cone of eruption of very considerable dimensions. 
This was probably the most important contribution to the founda- 
tion of the present Yesuvian cone. Of course an exact appreciation 
of the amount of filling of the crater by the products of this erup- 
tion is impossible ; nevertheless I am inclined to the opinion that 
this did much more than any other eruption during the first ten 
centuries. This opinion is based, first, upon the comparatively 
feeble but prolonged character of this eruptive period ; and secondly, 
upon the largo amount of material ejected compared to that derived 
from others daring that epoch. 

The igneous magma seems to have originally been moderately rich 
in aqueous matter, sufficiently so, at any rate, to prevent any thing 
like true lava issuing, unless such streams did not reach beyond the 
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Atrio del Cavallo or great crater, which must then have been an 
annular valley. Neither does the appearance of the ejectamenta 
denote them to have been associated yrith lava. 

This bed, of no inconsiderable thickness, is seen to cover over 
alluvial breccia of earlier but uncertain date, in which is enveloped 
the Eoman. house we have described (p. 87) as occurring in the 
Lagno df Trocchia. 


Phase YII., Period 5. 

General Description . — Superposed on the black pumiceous scoria 
at the Canale di Arena are about two metres of another scoria in small 
fragments, ranging from the size of a hazel-nut to that of a walnut. 
The pieces are exceedingly light and spongy, being filled with large 
cellular cavities, having smooth glossy black shining walls, giving 
to the deposit a recent appearance, (|uitc obsidian-like at a short 
distance, and entirely difierent from an\- of its juedecessors. Some- 
times a slight rusty crust has been formed, giving the bed a dark 
brown or yellowish tint. 

There is totally absent any thing but the primary or essential 
erujjtive material. Intei stratified are two thin bands of a fine pinkish 
coarse sand, ^\’hich seems to be composed chiefly of isolated and 
rounded crystals, with fragments of rock-particles aluaded in the usual 
manner. These are mixed and covered with a fine ])inkish dust, 
the result of the powerful and continuous attrition to which the}" 
had been subjected. Overling these materials we have a thin bed 
of yellow-brown dusty matter, of about 80 centimetres thickness. 

Those peculiar deposits, trom their i)ositioii and facility of recog- 
nition, can be traced at many parts of the mountain. They form a 
mantle over nearly all the upper part of the northern slope, espe- 
cially where vegetation has hel])ed to retain them in their present 
position. They may be well seen in tlK‘ section of the Yalloni 
Pietri Pomice and iSt. Patrizio on the north ; and I have recognized 
the same materials from a well sunk in the quarry of, and beneath, 
the lava of A.n. 1081, nc'ar Camaldoli dellji Torre, on the south. 

Microscopical L\vami nation .- — The cryst alline element that roaches 
greatest develo])ment as regards size is the pyroxene. It is of a very 
light pea-green colour, enclosed in an outer coat of uniform thick- 
ness of the same matter, but of a much darker tint, tin? separation 
between the tAVo being usually very distinct and well marked. 
Wedding remarked the same thing in some Yesuvian lavas : and the 
same w as seen to occur in the products of the preceding eruj)tion. 
I'liere arc usually many and largo enclosures of a very granular 
dusty brown glass. 

Next in abundance are beautifully pure and well-formed large 
crystals of biotitc, highly polychroic, ranging from an ochre tint to 
black. 

P orming a most important constituent of the rock, but rarely, if ever, 
reaching beyond the size of microscopic crj^stals, is the leucite. This 
mineral, from its small size, rarely transmits light between crossed 
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nicolB, neither is it very rich in inclusions, which, when present, 
consist more of glass-cavities than microliths. The mineral is easily 
recognized by the beautiful neatness with which we may see all the 
crystalline edges by focussing up and down, aided by the purity of 
the glassy base in which the leucite is imbedded. 

A very few well-formed sanidine crystals occur, especially upon 
and in the neighbourhood of the pyroxene. ^ - 

There are two distinct varieties of microliths. The first are neat, 
sharp-cut, but rather small rods, which seem to be principally, if 
not all, X)yroxene. 8ix carefullj’ checked measurcijicnts gave an 
average angle of extinction of 37 It is i)Ossible that of the smaller 
microliths some may bo felspar. 

Scattered about, but more especially collected into clouds, are 
minute crystals of a mineral identical with what we have already 
described as xjrobabl}’ magnetite. The more jjerfect ones show under 
a high power a six-sided outline, almost without excei)tion ; now 
such could hardly be derived from any other form than a rhombic 
dodecahedron ; for hexagonal x)lates, as biotite, or prisms, as nephe- 
line or other minerals of the same system, give sections very variable 
in form, according to the plane of the slice in relation to the crystal. 
So far as can be judged from th(ar small size, they are uniaxial ; the 
question of clmice therefore lies between garnet, titanii'erous iron, 
and magnetite. Their great abundance*, their i)eciiliar gregarious 
arrangementu and their occuj)ying the (‘xact relative distiibutioii 
that magnetite does in similar rocks, certainly xK>ints to that mineral, 
though the dodecahedron is rare, and the red light transmitted 
resembles somewhat that of melanite. W'e have already shown a 
similar miiierid to exist in earlier ejectamenta in which there is 
little doubt of its constitution. It might bo confused with hiematite, 
but that mineral usually lines the cavities of a scoria, and is not, as 
in the i)resent case, envelojjed in a glassy base, from which it has 
crystallized, llesides, this mineral forms more irregular erystals, 
both in form and size, and the colour is much redder. Sodalitc 
is another mineral not uncommon as a product of sublimation (?), 
lining cavities in Yesuviaii lava, but is rare in the rock mass, and 
then is of verj^ light colour, if not transparent. This dubious 
mineral is, as we have already seen, not an uncommon comx)onent 
of pumice &c. 

Although the perfect crystalline condition we have described is 
not uncommon, yet the mineral is usually to be seen in the form of 
six-rayed stars, or in t he shajic of those spiked balls used in ancient 
warfare, and with which tlie rex)resentations of (log and ^agog are 
armed. This seems to be due to imperfect development, similar to 
the hollow crystals of liiilite, bismuth, &c. In this condition each 
individual is nearly opacpie, and we can trace the mineral into 
granular masses that are (piite so. 

The whole of these minerals are enveloped in a very pure glass 
of dark sepia-colour, which is very abundant. The sjwngy nature 
of the mass is due to the great almndance of large vesicular cavi- 
ties : whereas the numerous minuto ones characteristic of pumice, 
a. J. G. S. No. 157. H 



H. J. JOHSTSTOK-IAVIS ON THE GEOLOGY 


or even of pumiceoHs scoria, are entirely absent, making a distinctive 
difference between pumice and scoria. 

Bemarhs . — The continual vomiting forth of igneous matters in 
rapid succession, as occurred in the first four centuries of the Chris- 
tian era, must have expelled all that which had occupied the chim- 
ney or conduits, and replaced it by new material. The short time 
that this new igneous magma would be exposed to hydrating influ- 
ences would reduce its heat but slightly, and increase its expansive 
power but very little. The result would be a more tranquil state of 
eruption, slower loss of heat, together with an absence of that minute 
vesicular structure due to the interstitial or intennolecular conver- 
sion of aqueous matter into vapour. Such a temperature, with the 
slight tendency to he broken up by elastic fluids, would render pos- 
sible, or at least be favourable to, the outflow of lava. As a result 
of the above conditions, the fragments of scum blown out would 
have only a coarse cellular structure, and might be ver^* vitreous, 
from the sudden cooling of a material having a very high tcm])e- 
rature. 

Such seems to have been the case in ihc present instance. At 
times the eruptive action was so feedde that it ground ii]) the h)f».se 
stones of the crater-walls, and. adding some of its own solidified 
material, simply from time to time expcdled the })ink sandy lajalli 
that we see forming bands in the scoria. 

A somewhat similar state of things has been very common at 
Vesuvius lately, when in a moderately tranquil eruptive condition, 
as wo may there see ejectamonta that approach to a certain extent 
that which u'o have betm describing. 

In the eruption of the year a.u. 012 lava is said to have flowial. 
but it is not stated whether it was down the slopes of the mountain 
or within the great crater of the atrio, which it probably was occu- 
pied in filling up. 

So great was the damage done by the ashes and cinders that 
Theodoric*, the Cxothic king, condoned the taxes in the injured 
districts. 

The information given us by the deposits we have just described 
agrees in many particulars wHli the records of tb (3 eru])tion of lln* 
sixth century. Proeo])ius, who also chronieded this oiilbin'st, de- 
scribes distill clly a deejj crater, n(‘arly reaching to tlu^ liottoin of tli(‘ 
mountain, in which could ho seen Java hoilingr Siich aeondiriOn 
jiroves, first, little or no cone of \esiivins, and, seeonflly, that the 
eruption could not he classed as of jiaroxysmal h jie. IVobahlytlu* 
lonn of the interior of the mountain was terraced, that is, it Inid 
tvo concentric craters, divided by a low annular eoiio or jilain. 


Phase VII., /Vnod 0. 

1 deposits exhibited at the Canale di Arena, cxcojit 

lapilli and ash from very recent eruptions, is a bed of about 1 metre 
in thickness. It is composed of highly crystalline pumice, remark- 

* ‘ History of the Gothic Wars,’ trunsl. H. Ilolcroft, 1G53, book in chap iv. 
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able for the perfection of tlie constituent minerals, especially the 
leucito, which often attains very larj^e dimensions. 

The primary or piiiniceous materials consist of fragments very 
vjiriahle in size, and forming about half the deposit, the rest being 
made up of lencilitic lapilli and foreign rocks. These latter occur in 
considerable abundance, and sometimes as moderately large blocks. 
Their origin is, no doubt, tho same as that of those of the pre- 
Plinian eruption, and to the casual observer they ai)pear to be similar. 
A careful examination of n large (juantityof them, and their mineral 
contents, shows them to be richer in some, and at the same time to 
abound in certain species, at the expense of others common in similar 
materials of earlier date. Thus these minerals, common in the pre- 
Pliuian eruption, are replaced to a large extent by those given 
in the second column. 


Vr('- Plinian . PiiAsi; VII., Period 6. 


Moioiiitc Mizzonite and sarcolite. 

rNei)h(‘lii)i‘. 

I . 1 Socialite. 

IHauVne. 

tLa])is lazuli. 

Pyroxt'ne Sjniiol (black). 

San i (lino Leucito. 

Ani])hibolo Pyroxene. 


This list shows a ccTtain relation between the two sets of minerals, 
])ut it is difliciilt to draw anv delinite conclusion therefrom, until our 
knowledge of the cheiulcal . .atioiis of these minerals to the variety 
of igneous ejectaineiita is luuch more extended. Xevertheless the 
gre.at abandaiicc of haiiyne, lapis lazuli, and iieplielinc in foreign 
blocks, associated with a primary material rich in well-crystallized 
leucito, is worth thinking over when we remember the close rela- 
tionslii]) of these mineral s]K‘cies, Their comparative rarity in the 
other deposit, whore Ic'ueiie is almo.st, if not entirely, absent, adds 
still iMOi’o force to tho fact. Although sm li an interesting relation- 
shi]) may light ii]) in our llioughts a slight glimmer of some important 
speculations, ii is saier to he ]>aiient unlil wo have a more solid 
foundation to build upon, and onr materials are more clearly worked 
out and arranged, before letiving the subject, perhaps one other fact 
ma}" be siiii])!}" mentioned with regard to the replacement of pyroxene 
and spinel. ^Messrs. Fou([ue and Levvt, in making a no})heliiiite, 
fused M ])arts of neplieline and 1 of augite together, and obtained 
the same minerals. When tliov dimini^hed the dose of augite, they 
got tine crystals of neplieline, little <‘rystals of spinel, and brown 
(lodecahcdra of garnet (melanite). 

^ Tlicsc inv the general observations of li>e antlior, who lias broken up many 
hundreds of t'jt'cted blocks from both cru])tions. It. i»u st he remarked, how- 
ever, that then' is only a ])revaleneo; for all these speeu-s may be t)btained from 
either deposit, with more or less dillLeulty. Ao accurate statement can be made ; 
the above, ihorefore, is only the expression of an opinion derived by experience, 
and confii'ins tlie mineral-hunters^ dicta as to ceriain species being found in 
certain localities. 

}■ ‘ 8yiitli6se des miiieniux et de.s roelies,' ]n (U). 
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Let US now direct our attention to the primary material and its 
Mwroscopical Structw'e , — The most remarkable are the loucito 
crystals, which are moderately pure, though they do contain amphi- 
bole and pjToxene, besides glass-cavities. 

Next are a large number of crystals that might at first be taken 
for amphibole from their dark colour and considerable polychroism ; 
but the measurements of the angles of prism-sections show them to 
be pyroxene. There are others that are undoubtedly amphibole ; but 
there are many that, from want of sufficient evidence, remain unde- 
termined. The colour is very variable, ranging from white to dark 
green, or the crystals may have a nucleus different from the exterior. 
The amount of cleavage is also most variable. Lcsides these doubtful 
ones are other large crystals of lighter colour, covered wdth a darker 
coat, about which there can exist no suspicion. The size of all these 
is most variable, ranging from large macroscropic crystals down to 
minute microliths. The inclusions are chiefly magnetite and glass- 
cavities. One peculiarity about the larger crystals is tlie extremely 
fiecky appearance that they possess, the cause of which is not very 
evident. This irregularity may be confined to the central j)ortion of 
the crj’stal, whilst the external partis clear, and shows finest nations 
or lines of accretion ])arallel to the crystalline faces. Tlio liglit 
transmitted by the prisms of ])yroxene at riglit angles t > > the ])rincij».‘il 
axis is a pure green ; whereas, seen in transverse s»‘c1ion. tin* liglit 
being parallel to the principal axis, it has a brown tint. 

Biotite occurs in well-formed and characteristic crystals of largo size, 
feanidine is abundant in large, well-formed, or lirokeii crystals. 
They are remarkable for their dirty state, and showing a miiiiib' 
parallel striation. Other examples present an irrc'gularlv flecked in- 
terior, enclosed in a laminated and clearer co:it or shell, similar to 
those in the jmmice of Pjiask XL, 2. Tlie dirty .ajijiearance 

is chiefly due to a number of glass-inclusions. Th(‘ mineral may also 
envelop pyroxene or am])hi])ol(‘. 

There arc large, ])cifect crystals, hexagonal in outline, (dthir 
of magnetite or titaniferous iron. 

There are a few crystals that seem like idocras(‘. hut, from tlieir 
want of certain characters, and tlje fact that this mineral is usually 
of metamor])hic origin, it is wise to examine mon* sj)eeinjens before 
coming to any decision. 

The microliths are of leucito, ])yroxeno, biotite, sanidine, and 
magnetite. I he last is seen in minute microcryst.als of h(‘xagonal 
and tjuadrangular outlines ot a blood-nal colour, slifjwing the tru(‘ 
nature of the; mineral tliat has already been discussed as soiriowbat 
prollematical. 

There remains usually a small (juantity of dusty glassy base. The 
rock IS, as a whole, very slightly porous, and in some cases remark- 
ably compact. 

immice is unique among all those we have studied 
tor the remarkable develoi)ment and perfection of its crystalliru^ 
structure In size, each component min(;ral species is ingantic 
compared with what it usually is in other cases. 
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The histology of the component minerals and the mass itself seems 
to point to a somewhat feeble paroxysmal eruption, that is to say, one 
in which the ejection was sufficiently slow to allow of the great deve- 
lopment of the formed matter. Yet at the same time we must re- 
member that it was violent enough to tear out a large cavity deep 
enough to reach the underlying limestone of the volcanic floor. 
There is little doubt that a considerable part of the cone that had 
been built up by former eruptions must liave been gutted, leaving a 
craterial hollow in the great crater-plain, so as to form a terraced 
depression. 

To what date does this eruption belong ? 

In the year 1030 occurred one of the historic eruptions of this 
famous volcano, but as large streams of lava are said to have flowed 
down the sides of the mountain, this would not suit the character of 
the ejectamenta. These may therefore be, in all probability, referred 
to one of the two eruptions said to have occurred in the years a.d. 685 
and 993, but of which we have no details. 

This is the last deposit that has, so far, been discovered of which 
there is any possibility of determining the date, except the modern 
lava-llows, or of any ejectamenta that have the pumiceous type of 
structure. 

All these beds we liave been describing are at various points 
overlain by dense scoria, lapilli. and lavas undistinguishablc from the 
products that are at present < istantly ejected from Vesuvius. 

All the eruidions, l(>36-iii3S, 1949, 1138-1139. 130(), 1500, 
1508, from what know of them, seem to have laeeii semi- or non- 
paroxysinal in type. It ai)pears tliat, with the exception of one or two, 
no lava is mentioned as being derived from them. This hardly ex- 
cludes the overflow of lava ; and we must rather regard it as finding 
its wjiy into the atrio, and filling up the space around the base of 
the cone of eruption within the great crater-wall. At the same 
time the cone of eruiition increased, and was raised by the direct 
deposition of new ejectamenta upon its outer surface, or was from 
time to time gutted, liaving its interior broken up to form a crater, 
the materials being spread over its sloj)es. 

Prom the description of 8orrentino, it appears that, before the 
eruption of 1031, in descending into the great crater one arrived 
at a plain ; then, after traversing woods, another craterial hollow 
was seen, the bottom of which was occupied by some warm lakes. 

The great eruption of 1031 may be looked upon as the first of 
that wavering but coutiiiiious action that has continued uninter- 
ruptedly to the present time, and which seems to be identical in 
character with that permanent activity which gave birth to the 
earliest lavas we know as issuing from this volcano. 

Overlying the deposits of Phase VI., Period 4, often inseparable 
from, or appearing to be continuous with, the pisolitic bed, comes a 
series of materials that may even reach 80 metres in thickness. 
Tliey are seen in greatest abundance around the foot of the moun- 
tain, and rarely extend in any thickness above and beyond the 
junctions of a lagno and vallone. 



102 


H. J. JOHNSTON “LAVIS ON THE GEOLOQT 


This deposit is of the most varied tyj^e, ranging from the coarsesi 
breccia to the finest ash, or from a collection of pumice to a bed 
of rounded Icucilitic lapilli. The arrangement may show great- 
false-bedding or long parallel strata, which arc often most mislead- 
ing. In the Yalloni Grande and di rollona one may n'cognize 
the Plinian pumice forming the lower part of these de]) 0 sits, but 
having the appearance of having been transported and rounded 
by water, so as to resemble very much some of the tufa over Ilorcu- 
laneum. 

This more or less variable agglomerate of different materials is 
usually broken near its middle by the thick bed of black piimiceous 
scoria of Phase YU. It is occasionally possible to recognize rem- 
nants of products from other eruptions of the same I*ha8E. 

Any one who follows the road that winds round the foot of the 
mountain from St. Giovanni di Teducio to St. Anastasia will be 
strongly impressed by the wayside sectiorjs. These an* rarely more 
than two metres in thickness, the upper third being disturbed vege- 
table soil, whilst the lower limit is not visible. fh'iK'ath tlie top 
soil arc fine undulating laminae, which may bo traced for very 
long distances. As we enter the town of St. Anastasia, there 
may be seen a series of alternations of fine dusty tufa witli bc'ds 
of coarser materials, some remarkably crumi>]ed or undulating in 
arrangement. 

No one seeing these beds would regard them otherwise than as the 
result of gradual a(]ueous deposition. 1 have examined them over 
and over again, with the hope of finding some organic remains, hnt 
without a shadow of success : nevertheless their remarkable strati- 
graphical characters certainly seem to make one require other means 
than simple alluvial deposition. 

In a few cases it has been possible to sliow that these de])osits 
immediately follow the end of J^hase YI. It is tlierefore ]>ossil)h‘ 
that some very important changes of level took ])lace h(‘tween 
the last prehistoric outburst and the Plinian eni]»lion. Of this 
no historic evidence is known to ns, and therefore we an* left 
without any sound facts from which we could safely arrivt* at 
a conclusion either way. It is, howev(T, to ]*c hoped that sonn^- 
thing will crop up to decide so interesting a qu(*stion, sucli as tlie 
finding of organic remains or antiquities. 

If we should reallj’ find these tufas to bo of marine origin, tli<*\ 
will prove that, at no distant epoch. Yesuvins Avas an island, and 
that almost, if not really, in liistoric times the sea surrounded the 
greater part of its base. 

Let us now return to those de])Osits of the same ago that are found 
at a higher level, and of whose origin there is no dou]>t. 'J'hcy are, 
as already pointed out, most variable in comjjosition, necessarily 
depending on the rocks from w'hich they wore derived. So much 
is this the case that, where the origin lias not been mixed, the 
re-sorted lapilli or pumice may easily misle.ad an ol)HGrvcr into error 
and trouble by showing an apparent reversal of order ; and tliere are 
examples that require the most careful examination. When these 
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materials aro very fine, they may enclose organic remains, chiefly 
vcigc table structures. 

At the Pontana Oiivello and the Lagno di Trocchia, where these 
tufas can bo seen to great advantage, tmnks of trees, leaves, and 
fruits are preserved. If we follow the galleries cut into this rock 
for the collection of water at the first-mc^ntioned locality, we may 
observe a groat number of hollow tubes brsinching out from the pas- 
sages in all directions. A careful examination of the surface of these 
shows markings derived from the mould taken by the mud envelop- 
ing the bark on the trunks of trees that once filled these hollows. 
The only remnants of woody structure now left consist of a little 
brownish powdery lignite, which, squeezed in the hand, leaves a dirty 
brown slimy mud. By breaking up the friable tufa we may obtain 
impressions of leaves and, rarely, land-snails. 

Between Cercola and St. Sebastian o, in the midst of the 1872 lava, 
a quarry has been opened in similar deposits, which arc used as 
pozzolana for moitar-making. Lately I saw a house w^hich had 
apparently been enveloped in this material, for the roof was still 
intact. A remarkable fact w’«as the almost complete carbonization 
of the w^ood used in the const T H-tion, as if it had been burnt, and 
not lignitized. The same “ of carbonization is observable at 
Herculaneum and Pompeii and i lsewhere, where the wood had been 
seasoned and dried, as it u ould be, in the walls or ceilings of a house. 
It would therefore seem probable that dry and wet (i. e. green) wood 
would conduct themselves (piite differently w^heu exposed to almost 
similar conditions, as at the Oiivello and Cercola, where both were 
enveloped in mud. 

The fragments of carbonized trees and their branches, which are 
commonly met with amongst the pumice, probably owe their state 
to partial burning when enveloped by the hot lapLlli, since wo some- 
times find intermediate stages. 

Prom the fact that in the lower subdivisioji of these tufas we may 
recognize ]mrt of the Plinian pumice, and from the frequent occur- 
rence of a band similar in character to the band of compact pumice 
and lapilli in the pisolitic. tufa above Pon)})cii, it seems, therefore, 
quite reasonable to suppose that a large part of the deposit below 
the black pumiccous scoria is referable to the mud formed from and 
during the Plinian eruption, as at Herculaneum. 

III. Demidat'wn. 

Aiiawieii . — One of the most striking features of the outer surface 
of IMonte Sorama is the number of valleys scoring its slopes, pre- 
senting to the observer from a distance, and also in the immediate 
vicinity, a type of scenery (juito unique. This is dependent upon 
the valleys difiering, both in form and size, from their equiva- 
lents found on other volcanoes of Italy and elsewhere, which we 
shall see to bo due to the variation of the rocks that enter into their 
com])osition. 

Prom the point of physical geography we may divide these deposits 
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mto two great groups dependent on their characters as rock-form- 
ing materials, and on their resistance to denuding influences. The 
first of these, both in point of age, density, and durability, are the 
lavas and scorise of the ancient active volcano. As a rule, the 
most spongy of lapilli and scoriie have a specific gravity above 2, and 
are often so closely blended together, either by pressure, decomj) 08 i- 
tion, or the infiltration of calcareous matter, as to be rendered 
capable of resisting the disintegrating subaerial influences. Even 
were this not the case, the great 0 ])enness of structure en imtsse 
would allow the water to sink by the interspaces between each frag- 
. ment and its fellow, and to gradually issue at a lower level in the 
form of springs, instead of rushing im])etuously over the surface, and 
carrying materials away with it in its course to lower levels. 

The lavas, again, are threaded through and through with con- 
traction-joint age, but are so irregular, that one piece is as it were 
dovetailed into its fellow, so lhat we are often struck with the 
amount of molecular erosion that has gone on at the surtuce with- 
out being able to break up a comparatively thin flow. 

hen, however, we come to consider the other group of mat(Tials 
which overlie the first, that is to say, the puiuiceous tufas and ash- 
beds, the products ejected during the paroxysmal pliases, characters 
are detected quite opposite to those of th(‘ lirst scries of de]>osil.s. 
Loosely thrown together, with little or no binding matcu'ial, tine 
dustoftmi prevailing over larger fragments, we have larg(M}uantities 
of pumiceous rocks that, taken in mass, are nnuh lighter than 
water. Again, owing to the much closer texture of the ash-beds, 
they ofibr greater resistance to water-sinkage. altiiough readily be- 
coming saturated and again giving up their water and drying. It 
is just these characters that account for the incredihlv ia]»id denu- 
dation going on, so that we can actually measui'e diiierences from 
month to month. 

The average rain-fall at the Vesuvian Observatnrv is milli- 
metres. This, although not a very ext raordiriarv (juaritily. jiroduees 
very e\ident effects by the manner in which it falls. EoV instance, 
not a drop may make its appearance for two or three months, fol- 
lowed sooner or later by a down]>our, lasting from twelve to tljirty- 
six or more ho>irs, and having (|iiite a tropical character. TIuk large 
mass of water falling on the mountain 8lo]>cs must necessarily be 
rapid!}- got rid of. 


The first thing, of course, will he to saturate the tufas; this 
accomplished, they may he considered as practically impermi^ahle, 
at any rate to such a large hulk of water as is suddenly jioured 
upon them. This is aided also by the vegetation, which is much 
richer on these pumiceous dejiosits. The water must therefore run 
over the surface, wliich, being highly inclined, gives to that licjuid 
great rapidity of motion. The pumice, from its lightness, is rapidly 
^ denser lava-fragments without support, 

and these therefore arc obliged to follow. When the current is deoi. 
enough, especmlly in the bottom of the gorges, a curious spectacle 
otten presents itself, namely, a moving river of stones ; that is to 
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Ljr, the pumice floating along on the top of the torrent. If we 

ik over the effect of such a stream, we may well comprehend its 
transporting power ; for although the pumice is lighter than water, 
the impulse with which it strikes and presses upon obstructing 
objects, is far greater than that of the fluid which supports it, which 
divides and finds its way around the obstruction. The effects are 
analogous to the destructive action of floating bodies, such as ice, on 
the piers of bridges. The wearing action of this floating pumice is 
such that where a fine-grained lava-stream forms the floor of a valley, 
its substance is eroded into j)eculiarly-shaped cavities with rounded 
sides, so polished as to appear like the result of glacial action, or 
even the handiwork of a lajndary. 

Little undergrowth or grass exists on the middle and up])er parts 
of the mountain, so that aqueous action can have full play. To 
this must be added other denuding influences, and amongst them 
we will first discuss that of ice. 

In the months of December, J.anuary, February, and March, frost 
is rarely absent during the night, whicli arises from the northern 
aspect of most of the great valleys. Besides this, the great amount 
of evaporation brought about as the result of the porosity of the 
rocks, the currents of air sweeping along the valley, and the 
little sunshine that enters them, combine to produce a very low 
tcmi»erature. 

The ice, by its expansion as it forms, splits the lavas and scorise, 
and separates large crusts from the damp tufa cscari)ments, exposing 
fresh surfaces, to he, in their turn, su])mitted to the same action. 
Not only does it destroy lava-currents, hy si‘}>arating them in blocks, 
hut those es])ecially ^'^aitaining large leucite crystals are molecu- 
larly broken up, tho water flndiiig its way along the fractures of 
this mineral, causing it to expand and, as it were, explode the rock. 
If wo break uj) a coarse, decomposed, rather vesicular Icucitic lava, 
we may often see a crystal that has hurst its way into one of the 
cavities. This, of coui se, is aided by the k.iolinization of the 
mineral ; hut tliat decomposition of leucite seems to be greatly 
facilitated by expandiiig ico and water caused by the continual 
thawing and refreeziiig. 

During the great heats of summer another agency similar to 
ice- action is at work. The porous rocks, loaded with moisture by 
capillary attraction from below, suddenly receive a hot summer sun, 
which, in a short time converts the superficial \vater in the saturated 
tufa into vapour, and by its expansion a constant crumbling is 
produced in the less coherent beds. 

Last, but not least, we must take into the calculation the effects 
of wind. Any one who has had the misfortune to be caught in one 
of tho ravines during a storm, especially where there arc high escarp- 
ments of loose materiiils, besides having his face and hands cut by 
rock particles carried by the violent gusfs that sweep the valley, 
will have his courage fully tried by large masses that are detached 
and rolled down, often making a veritable avalanche of stones, from 
which ho can only dodge but not retreat. 
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Perhaps in addition may be mentioned earthquakes, which, 
although producing much displacement at the moment, from their 
transitory character are fractional in their value as a denuding agent 
compared with those other natural influences which, although 
quieter and less obvious in action, illustrate fully the table ol the 
hare and the tortoise. 

There is still remaining one cause that has produced very marked 
effects in shaping and directing the course of the valleys, and that 
is man ; for although he acts unconsciously, we shall see, when 
speaking of the forms of the ravines, that he has played and is 
playing a very important part. 

Form of the Valleys and their Course. 

As we approach the foot of the mountain from the plain, we flrst 
commence by ascending a gentle slope, covci’ccl witli gardt'iis, and 
rarely traversed by rivulets or beds (»f toirents, excej)t where these 
have been artilicially constructed, the great ])orosity of the soil sop})ing 
up all the mass of water brought down by the valleys. This has 
been aided by shallow wells and other irrigation-wcuks intended to 
arrest the precious fluid. Tliis slope continues in an unbroken 
manner till about the 200-metre contour-line, when the lower ter- 
minations of the ravines are met with. 

A valley, as a whole, may bo considered, for convenience of de- 
scrijjtion, as consisting of three parts. Pirst, its ultimate ramifica- 
tions ; secondly, the ravine pro])er, or ** Vallone ” : and, thirdly, its 
expanded termination or ‘^Lagno,’' as these portions are locally 
called. 

Towards the upper part of the mount ain little of the slightly co- 
herent tufas have been left ; almost- as soon as s])read over this the 
most inclined portion by the eru])tion which ejected these mate- 
rials, they were swept down by the h(‘avy rains, either during or 
soon after the eruptive j)eriod. Nevertheless, we do And on the very 
summit of the ridges, where only exj)osed to the amount of rain that 
fell directly upon their surface, and not to that collected from other 
areas, that tufas have been able to hold their ground. It is in such 
a way that the very interesting and instructive section of the Canale 
di Arena and others have been preserved. Such cases, however, 
are the excei)tion, and generally the ancient lava and scoria beds 
are only covered by a thin layer of volcanic sand, held together by 
the roots of chestnut trees and broom bushes, both of which add 
much to the preservation of the mountain. 

In this region only small narrow gorges are excavated, their floor 
being formed of broken blocks of lava, and often interrupted by cas- 
cades of small dej>th, produced by the cutting back, as Lyell has 
called it, of old lava-flows. A variable number of those unite 
together, and roughly, where the first diminution of inclination takes 
place, form the ‘‘vallone’’ or great valley. 

The valloni, as we may conveniently call them, present certain 
general characters. As already mentioned, they commence at the 
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decrease of inclination, not suddenly, of course, but by gradual 
thickening of the soft tufas forming their sides or walls. They, 
naturally having a less inclined base, have been able longer to resist 
the destructive action of flowing water, and therefore the sum of 
tlieir components often reaches verj^ nearly a maximum of 100 metres, 
no insigniflcant thickness. The impulse of the torrent collected 
from the rivulets above, and rushing down a slope, first roughly at an 
angle of and here often 25° to if0° can he well understood to 
cut its way through these soft l)cd8. As the bottom is excavated, 
the soft sides crumble in, giving the valley a V-shaped section ; and 
when this reaches deep enough to encounter the underlying lavas, a 
new type of erosion results. 

Let us su])pose we liave to deal with lava-beds regularly interla- 
rainated with scoriie and other fragmentary materials, and dipinng 
in the direction of the flowing wat(T. The torrent will find some 
weak place in the u])])ermost lava-llow, and liaving broken up the 
sheet of rock at this point, will produce a miniature cascade. 
The impulse of the water bounding over this rocky step will remove 
the subjacent incolierent scoria, leaving the lower edge of the open- 
ing in the lava uiisnp])orted, so that the torrent can act upon it 
below and behind, conditions very favourable to its being broken up. 
At the same time the li]) of the cascade recedes by loss of material : 
but as its inclination is u])war(ls and backwards, it correspondingly 
increases the heiglit of the watcTfall, so that profound ])recipices may 
result, which are often very abundant, forming, as it were, so many 
steps along the valley. In many cases the ()])ening in the upper- 
most lava-stream is very long in tlu? direction of the valley, but 
very narrow, whereas at its bottom it is dilated, forming, as it were, 
half of a pointed dome. 

Those cascades oft('n cut through many lava-streams. Lyell de- 
scribes the one near the Lontana Olivcllo, which shows in section 
as many as six. In another I have counted thirteen of those 
streams. 

The number of cascades that may occur, with their depth, may be 
judged from the measurements taken in the Vallone Cancherone. 
beginning near where the 45()-metre coiitour-liue crosses the valley, 
we have in less than a kilometre no fewer than six of them, giving a 
perpendicular fall iuclusively of metres, divided as follows from 
below upwards, 10^, 29, 2, 19, 9, 20 metres. Again, in the Vallone 
Sacramento, in the main trunk, before its bifurcation, both arms of 
which arc rich in profound precipices and cascades, we have at the 


5()0-mctrc contour-line a cascade of 
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Thus out of a total descent for the water of 95 metres, nearly a 
half, or 41 metres, occurs by perpendicular falls. 

From the peculiar narrowness of the gap in the shedding lava- 
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stream, this, not widening as it is cut back, gives to the valley, or 
that portion cut through the lava, a very narrow form with perpen- 
dicular or overhangiug sides, of which we have fine examples in the 
Valloni Sacramento, Cancherone, and Sanseverino. 

We therefore see that the upper portion of the sides of a vail one 
are broad and inclined, whereas the lower are narrow and per- 
pendicular, often reaching such depths as 120 metros or more, as 
towards the upper part of the VaUonc Ereislak. This particular 
type of gorge or valley has been compared to a boat ; but perhaps 
it would be better represented by the letter Y. 

It is usually this middle division of the valley that yields the finest 
sections of the later ejections of the volcano. 

The third portion, or lagno, as it is locally called, is generally the 
result of the union of two or more valloni. The character of this 
inferior or ultimate division of the ravines also is dependent for its 
special characteristic upon the further diminution in the inclin.ition 
of the mountain-slope, which rarely reach(‘s 15‘^ and is usually nearer 
10°. These lagni may be described as broad fiat-bottomed valleys 
bounded by nearly, if not quite, perj)endicular walls, which are high 
at the junction of the lagno and vallone, iind gradually decrease 
until they arc reduced to mere low banks a metre or so in height. 
,Vs a consequence of this it will bo seen that the bed of the lagno is 
much nearer the horizontal than the mountain's side through which 
the water has cut its way. It is rather uncommon to find an old 
lava-fiow forming the bed of the lagno, and still rarer to find any 
such cut through. 

The torrent that has been formed by tlie union of tlu* water falling 
in the basin of the first division of the valley, descends into the 
second part carrying hut a small load of materials. Here, however, 
it cuts away the incoherent tufa wher(‘ this is within its reach, 
or is added to b}’ the water and disintegrated substances from the 
sides of the vallone. Thus laden it dashes over the ]>rccipices, 
breaking up the lava-beds, detaching and carrying forward the sub- 
jacent scoria and other substances. The cascades act as so many 
weirs absorbing a considerable amount of the downward impiilse of 
the stream, so that when tin? lagno is n'aelied, where further retar- 
dation takes ])lace from diminished fall, the larger of Ihe transported 
materials begin to be dejjosited, and this continues until the water 
reaches beyond its self-cut hanks. Then, if left alone, it breaks up 
into a number of little rivulets which graduall}’ Jose themselves by 
sinkagc, and aU the finer alluvial materials arc?* left on the surface. 
It is just this peculiarity that renders tlui lower s1o]>ch of the moun- 
tain one of the richest gardens in Europe. ^JEis form of aqueous 
denudation, aided by the other agencies already mentioned, produces 
certain definite results. First there is the removal of iioarly all the 
softer materials of the uj)per portion of the mountain, which takes 
place from above downwards. Next wc have the formation, widening, 
and deepening of the middle division of the vall(^y or the vallone 
proper, and lastly a deposition of the transported material around the 
toe 01 the mountain. As a consequence of those operations a kind of 
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delta is formed that gradually ascends the lagno until it produces too 
great an obstruction to the torrent, which is either diverted from its 
course or cuts a new passage through its earlier deposits. We see, 
therefore, that the upper third of the mountain is rendered more steep, 
since its crest is little affected ; but as we reach the middle third erosive 
action is rapidly gaining power and at this part reaches its maximum 
until a sudden check is put upon it at the commencement of the 
third part, or lagno, where, instead of a loss of material occurring, 
an actual gain takes place. Thus there is a tendency to produce a 
depression in the middle of the slope of the mountain, and at the 
same time to ])r()long the liottom part or toe. The whole group of 
phenomena may he said to render the upper parts of the mountain 
more stec^p and the lower ]>arts less so, in such a manner that the 
general ])rotile Ix^comes more concave. Tiiis remarkable concavity I 
am inclined to attribute much more to the alnwe cause, namely de- 
nudation, than to the sinking of the mountain by its own weight^. 

This leads iis on to the iiKjuiry as to when the valleys began to 
assume their j)resent form : and whether they have materially altered 
their shape and })osition during their formation. These two im- 
portant questions o]>eii up a most interesting held of inquiry. 

Ther(‘ is little doubt that denuding inliuenees liad commenced 
work while the volcano Avas still in its ])eriod of tranquil activity, 
and also in tlie jK'riod of tenijtorary extinction, ])rior to the change 
in its eruptive character, j)roducing irregular sliallow valleys that 
had already begun to score its sides. The exceedingly small space 
of lava ex])osed in each section, the fact of all these valleys being 
nearly parallel, and a few sections being at right angles to them, 
render it dithcult to determine how much hud already been done 
when the first ejoefiou of the Avhite pumice came. That there were 
valleys then* is no doubt : for in a circumferential st'ction I have 
lately construfted, cutting tangentially and eontinuously through 
more than a (juartor of all the valloni of !Monte ^Somma, this fact is 
brought out most distinctly, though, from the partly problematical 
character that such a work must have, and from the im})ossibility of 
knowing the internal st ructure of the intervening ridges, only an 
imperfect idea can be gained of the form and deptli of those ancient 
ravines. 

We sec in many sections how the products of each eruption Avere 
partly Avaslied aAvay before the deposition of the next ejectamenta. 
This is Avell illustrated in Plate II. fig. 2 of the Vallone di Pol- 
lena, happily shoAving the rare occurrence of a natural transverse 
section. Here it is observed that the present valley at this point 
has shifted its axis to the right, or south-Avest, since the Plinian 
eruption that choked the gorge, which before that time appears 
alAA'ays to haA^c remained stationary. LoAver doAvn in the lagno a 
valley existed to the right (in ascending) of the present, now choked 
by the large (]uantity of black pumiceous scoria of Phase VII., 
Period 4, which seems to have caused the lagno to take its present 
direction. Thus a\ e see that this ravine has changed its position on 
♦ J. W. Judd, P.R.S., ‘Volcanoes,’ 1881, p, IfiH. 
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no less than three occasions within recent historic times ; and any 
one seeing the great size of it cannot but be astonished at the vast 
amount of material displaced. 

The section we have just been studying affords evidence of another 
important fact. At each now^ paroxysmal eruption the falling f rag- 
ments were deposited in various manners : those that pitched u])oi’. 
the ridges between the valleys formed a general mantle, thiclv('s< 
towards the centre or least-inclined surfaces, thinning aAvay as th(’ 
slope increased, until a point would be reached Avhere all u ould roll 
down into the valley beneath. Thus the ravijie would receive what 
directly fell into it plus that which rolled down its sides and which 
might more or less till it. The rain would subsetjuently clear them 
out, and so, choking the lower part or lagno where the inclination 
is small, would have to cut a new course, or, doing so from the h(‘gin- 
ning, change the axial position of the valley at a higher point. 

In some cases, wliei} denudation extends to such a de])th in tli(‘ 
valley as to meet with some insurmountable obstacle, the eroding 
action will be deilected to the side op])osite and wear away the baidvs 
at that j)oint. Such a case is beautifully illustrated in the Lagm* 
Cancherone, where at the l!5o-metre contour-line a boss of old lava 
has diverted the stream, giving its valley a serpentine form below' 
that point, so that the new sections thus produced show the oi iginal 
straightness before erosion had extended dowm to the disturbing 
rock-mass. 

The manner in which each new mantle of pumice orlapilH covers 
the irregularities of the mountain renders the study of the strati- 
graphical portion of tlui subject very (.*om])licated. The radial sec- 
tions, that is those in the valleys, show^ each stratum to extend in 
pretty uniform thickness for a considerable distance, and there is 
apparently little unconformity hetween one bed and another. When, 
on the contrary, the section is tangential or transverse to the ridgc's 
and valleys, the variation in thickness is very great in short distances, 
and the unconformability w^ell marked. This is well illustrated b^ 
the Yallone 8t. Patrizio, where all the dej)osits seem conformahh* 
except where a sharp doul)le bend occurs, and the valley cuts aeros:- 
its own axis {vide Figure 2). Often where the iuelination of tlir 
sides of a vallonc are slight the latest tufa lines or coats each slope, 
Avhich not uncommonly causes an anomaly; for if such bo donud(vl 
away towards the upper edge, an older bed may n])])oar to rest upoii 
a younger, two good instances being the Yallone (irande, above St. 
Anastasia, and the Yallone Pallarino. A similar error might arise* 
from the floor of a valley cut through lava showing a more recent 
pumice deposit which might seem to underlie the lava. It is very 
common to see deposits of the last prehistoric or pre-Plinian erup- 
tion occupying such a position ; but in most cases this has ])een due 
to the tufa becoming consolidated and converted into a com])act 
breccia by the infiltration of calciferous w aters, and thus resisting 
the Bcouring-aetion of (‘rosion. This may ]>e well seen in the w'est 
branch of the Yallone (Cancherone. 

A peculiar and important feature of the ridges intervening between 



OF MONTE BOMMiL AND VESUVIUS. 


Ill 


the valloni is the more or less deep incision or “cupa”(as locally called) 
which furrows them alonj? their spine. These cnpe are often of 
considerable depth, occasionally as much as 20 metres, and have 
almost perpendicular walls. Their origin in aU cases seems to be 
the result of human agency. As they play an important part in 
odi fying the superficial form of the mountain, a few remarks 
d propos of the manner in which they are produced will bo noccssar 5 \ 

Fig. 2. — Striion h) the YoVone Sf. J^/drhio^ aho»d the ^oO-metre 
vontanr-line on the rUflit fthle hi asrem/ inrf. 



a. Alluvial biveein, snucl, Ac. -- Phaser VII. and VII 1. 

h. Pumice of Phase VI., Pa'/m/ 4. 

c. Yellow eart hy jisli, witli rra‘;uieu(3 ol‘ jnimicc — Phase VI., /VnW.s'2 and 3. 

d. Compact ^ivy ])umice am! la])illi = Pii ask A'I., I'erlod 1. 

d’. Vegetable soil — PiiAsi.s V,. IV., and IIL, Period 4. 

e. E-egularly stratified rounded la,]yilli and sand of different sizes, willi a 

few tragmcsiits of black spo'.igy ])umiceous scoria. Phase III., Period il. 

/. Plack compact pupii(*eous scoria — Phase III., Period 2. 

(/. Jjiglit and white ])umice Phase HI., Period 1. 

h. Ancient lava, — Phase T. 

This section is intended to show the erosion of one bed before the deposition 
ol* another. 

Above the 1100- or 400-metro contour-line the two chief vegetable 
products of Mont e Somma are cliestnnt trees and luislics and an under- 
growth of two or three s])ecies of broom or (Pnista, The first of 
these supply sapling poles, brushwood, and charcoal ; t he second brush- 
wood only. The mountaineers occupied in the collection of these 
products make both the ascent and descent of the mountain along 
the ridges instead of the valley-bottoms. As tlie latter are rough 
and jagged from the lava-beds, and intercepted from time to time by 
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precipices or cascades, although usuallj’ dry, they are forsaken by these 
men for the soft and ashy paths only to be obtained on the higher 
ground. The reason for this is the more obvious when it is remem- 
bered that boots are never worn, and all the methods of transport are 
human. The sapling poles are tied into a bundle, var 5 ’ing in number 
according to their weight, by their lower and thick ends, which part 
is supported on the back and shoulders in a stooping position, the 
knotty and branched and pointed ends dragging along the ground 
behind. These bundles act as so many harrows ploughing uj) the 
ground and sweeping it down the steep incline, aided at the same 
time by the feet of the porter, producing very evident effects. The 
same with the faggots of brushwood com]>osed of chestnut and broom 
bushes, which, in bunches of six tied togctlicr, hauled along behind 
the transporter, play the part of so many brooms. 

It might appear that the above agencies were of the most feeble* 
effect. The great luxuriance of tlu* vegetation of the mountain, 
which is completely strii^ped during the summer months when thesi* 
soft incoherent rocks arc easih* reduced to fine light dust or small 
fragments, must, however, be rcmemla red. It is really astonishing 
to see the progress made in the course of such a jieriod as three 
years, during which 1 have had many of the ])aths under observation. 
When n o see the disturbance ju’oduced by a single j)a8sagG of one of 
those loads, we have no difficulty in imagining the efiect of many 
hundreds during the year. 

Of course these human denuding agencies arc aided by rainfall 
and other natural ones. 'Water, however, can do little, as these 
cupe occupy the centre of the ridge, whore the surface slopes 
away, instead of towards the depression, and therefore the rain does 
not fall into these gorges, which are in reality princi])ally the cutting 
downwards of paths made by man. Prom receiving no extraneous 
water laterally, their sides remain nearly perpendicular. Iwo 
irregular examjfies may be seen in section, in PI. II. fig. 2, on the high 
ground between the Yallonc di Pollena and the two largo collateral 
valloni. 'When, as ha])pens occasionally, the valleys have at a cer- 
tain depth a loose incoherent breccia entering into the composition 
of their sides, this by simj)lc gravity crumbles away, leaving the 
upper more resistent deposits above unsupported, which fall in 
blocks, are reduced to dust, and carried down by the various methods 
we have mentioned. The result is, the walls of the path become 
inclined, and catch more rain, which soon gives to the cupa the charac- 
ters of a small valley. Various examples of these may be seen on 
the high ground flanking the Valloni Cancherone, Grande, di Gas- 
tello, and many others. Sometimes aqueous denudation has gained 
such a hold that the hard lavas are reached and eroded, but usually 
the cupe join a great valley at the up})er surface of the lava-beds or 
at the branching of the Y, so that their drainage falls over the side 
as a cascade. 

There are many valleys that in all probability ow’o their i)rimar 5 ’ 
origin to a simple footpath, such as the Vallone St. I’atrizio and 
many others of its type. 
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The erosive action of water may be easily comprehended by any 
one who pays a visit to the mountain after a heavy rain. In Sep- 
tember 1881, after a downpour of a day and anight, I saw the result 
of a few hours’ erosion just above llesina, where the slope of the 
ground is less than lO"", and covered with cultivation- works such as 
terraces, banks, &c., which tend to break the impetus of the water. 
Many walls were completely overthrown, and in one place the water, 
after bursting through two high well-built ones, with drainage-holes 
through them, then traversed a vine-garden, where it excavated out 
of smooth nearly level ground a ravine 4^ metres deep and 3^ broad 
at the top. The debris of this excavation, consisting in part of large 
blocks of lava, &c., was spread over the surface of the ground, 
tearing up and bre^aking off the vines, and removing the bark of the 
trees in the torrent's course. 

Tlie roads around the base of the mountain are often covered 
witli a de])osit of sand, which in some cases, after much rain, renders 
them iinpassabli*. In 1881, men were employed many days in 
carting away this alluvium near T<wre del Greco and at llesina, the 
sit(‘ of Herculaneum : this year, 1882, I am told that the Castella- 
mare railway traffic was suspemhal for some days from the same cause. 
It is this mass of material continually being deposited after each 
storm that accounts for those larg(i beds of alluvial breccias and 
tufas that have been formed since the end of Phase YI. 

The valle 3 *s we liave been discussing extended higlier up the 
original cone. Tliis conclusion is forced upon us by the peculiar 
Berrat(‘d outline of the ridge of Monte Somma. Each depression 
usually corres]>onds to the basin of one or more valleys, and is often 
cut through so many thick and tough lava-streams that we can only 
cx])lain the eroding awa}' of such rock bj' water derived from greater 
heights, which at this line must have already formed a torrent of 
enormous excavating pow(‘r. Tlie serrations may bo regarded, 
therefore, as so many natural sections of the valleys which have 
been sheared from above downwards, and from within outwai'ds, 
by the enlargement from time to time of craters of paroxysmal 
eruptions. 


EXPLAISATION OF PLATE 11. 

Fiouki: 1. 

Twelve seotious taken at different j>oiiits around Monte Somma to show the 
correlation of one deposit with its equivalent in a neighbouring 
section (see ni‘xt l>age). 

Fua uE 2. 

A tangential, or more correctly circumferential section taken at the end of a 
radius of olGO m(‘trcs from the centre of the 1872 crater. This ex- 
liibils the changt' in position of the valley at different epochs and tlie 
variability in tliickness ol'each bed. 

XoTE. In botli figures the colours show the age of the deposit, whilst the 
sliadiug represents its lithological characters. ^N’here the figure shows the bed 
only as a t bin lino its characters are indicated by index letters for colours, aud 
numbers for shading. 

Ci.J.G.S. No.157, I 
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SBOTION 1. ValUm Pietri Pomice. A compound section ta^ be^een the 
600- and 676-nietre contour-lines, chiefly on the N.W. side ot the 
valley. 

Phase I. Ancient lava. 

Phase II. Subangular or angular leucilitie breccia y.!?! 

Phase III., Period 1. White light pumice and 

Period 2. Black compact pumiceous scoria 0* cM) 

Period 3. Fine rounded leucilitie lapilli, some yellow or 
brownish, with a few black vesicular pumiceous scoriae.. 1*00 

Period 4. Angular and subangular breccia F0(1 

Phase IV., Periods 1 & 2. Red and black scori.TB 4*0O 

Phase VI., Period 1. Uard, brownish grey, compact pumice, leucili- 

tic lapilli, &c 1 

Period 2'^ Yellow ashy soil 0*G0 

Period. 2. Rounded spongy, and light grey or j’oUowish 

pumice, with thin ash bauds O'OO 

Yellow dusty soil 0 00 

Period 3. White, light pumice, w'ith thin interlaminated 

asli-bands 2’40 

Cv)arse yellowish concretionary bed 0*.‘10 

Waterworn lapilli and pumice 0‘40 

Another concretionary bed 0*25 

Decomposed yellow ashy soil OdiO 

Period 4. Greenish grey, compact, or light ]>iimice. with 

many altered sedimentary rock fragments 0v>0 

Phases VII. & VI 11. Mixed, waterworn and re-sorted tufa, enclosing 
at one point 

Period h. Fine black, light vitreous scoria?, and a pink 
ash-band very variable 

N.B. The sections in the Vallone della Trofa ver>' much resemble that of 
the Pietri Pomice. 


tSECTION 2. Vallone Sansevermo. A compound section derived from both 
sides of the vall(‘v between the 250- and 350-metre contour-lines. 


Phase 1. Coarse leucilitie lava. metres. 

Phase II. Fine brown suil 0 (10 

Phase III., Period 1. White, light pumice, Ac lOO 

Period 2. Black compact pumiceous scoria, with a few 
ejected fragments of limestone, fossiliferuiis 

marls, &e I’Ott 

Fine ash-bed 0*25 

Period. .3. Subangular and rounded leucilitie h>])illi, some 
yellower brown wiili black, vesieular, pumiceous scoria* 2*00 
Period 4. False-bedded fine dust, or coarse br(‘e(ri;i, water- 
worn, reddened at the conhiet with the overlying lava 2*00 
Phase IV., Period 1. Spongy ])inkish or violet-grey lava, much lami- 
nated horizontally 2*00 

Period 2. Reddish spongy scoria 0*80 

Tough, bluish grey vesicular lava 1’50 

Phase V., Period. 2. Greyish brown earth, with scoria and subangu- 

lar lava blocks at bottom O’tk) 

Phase VI,, Period 1. Hard, brownisli grey compact pumice, with 

many lapilli of leucilitie lava 0*75 

Rolled and bedded pumice, scoria, and lapilli, 

cbiedy of the bed below 0*50 

Period 2. Yellow soil with fragmemts of white pumice ... 2'.50 

Light grey, spongy, yellow, or grey pumice, 

rounded and with thin ash-bands 0‘75 

Fine yellow ashy soil, with bits of pumice I'OO 
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metres. 

PifAsK VI., Period 3. White, light pumice, with fine ash-beds 9*0() 

Phases VII. & VIII. Vegetable soil obscuring overlying beds lOHX) 

SECTION 3. Vallone Breidak. The main eastern branch of the Lagno del 
Purgatorio. The section is taken on the west side of the valley where 
the 21K)-raetre contour-line crosses it. metres 

Phase I. Scoria 0’80 

Phase II. Fine dusty earth, greyish brown in colour, its components 

decomposed 

Phase III., Vvriod 1. Wliitc, liglil pumice 0*30 

Vcnod 2. Compact, black piimiceous scoria 0*40 

Period 3. Fine, interbedded with coarse, grejdsh ashy 

matter 0*20 

Plaek ^esiculal• piimiceous scoria, with frag- 
ments of limestone, <fec 0*40 

Lcucilitic lapilli, many brownish yellow, sub- 

aiigular, or rounded 0*50 

Tin* same, but finer €‘ven to dust 0*80 

P( rii‘d 1 't Loose rounded lapilli, somewliat similar 0*80 

Phases IV., V., VL, A ll., & Vlll. Coarse angular mixed breccia 

about 20*00 

SECTION 4. Cam! r dl Amid . Tliis section is a portion of the upper edge of 
tljegrc-.t escurpiiienl of the Atrio <lol Cavallo, near the upper ramifi- 
cations of tbe \'all.»ne .Breislak. metres. 


P]iasp:s II., 111.. IV., A'. Yellow soil much deci>mposed, with frag- 
ments of pumice, &(• 0*50 

Phase VI., Period 1. Hard, brownish grey, compact pumice, much 
decomposed. 

Period.'^ 2 .**. A’ellow dusty soil, containing bits of pumice 0‘70 

Period f. \\’liite, liiilit puniicc, wit li large sanidine crystals 

in matrix, and few ejected blocks 0*50 

Mt..-- compact, greenish grey, and with more 

fon‘ign matter 0*20 

Orey ashy jiisolitic bed 1*(K> 

Phase AOI., 1. Fine grey ]minieo. moderately light 2*00 

l*eriod '1. 8nbangular l.iva-lapilli, many yellow or brown 1*00 

pcriiKl 3. Coarse laj-g(? bueceia with fragments of lencitic 

Period 4. Illaek pumiceous scoria, with large broken 

leiieite crystals, free, and enclosed in matrix.. 1*(K1 

Coarse breccia 1*01) 

Period 5. Liglit black scoria, with two pink bands 2*00 

Adlow ashy soil 0*33 

Period d. Blackish and brotVliish grey pumiceous scoria, 
rich in largt? wcll-lormcd leucite crystals, leucitic lava- 
lapilli, many* various ejecteil foreign blocks, and loose 

fragment s of large leucite cry .sta Is 1*50 

Phase VTll. Loose lapilli of late eruptions *2.^ 

SECTION 5. ]\tlhme St, Peitrizio. Section on the t^estern side of the valley 
immediately above the junetion of the path from the Cupa di Olivello, 
or near the 4(H)-inetre eontour-line. 

Phase L. Lava. metres. 

Phase III., Period 1. AVliite, light pumice 0*80 

Period 2. Black pumiceous scoria 0*60 

Period 3. Ijigliter black spongy pumiceous scoria (rare), 

alternating with sand, and passing up to 3*00 

Period 4. Coarse breccia with blocks of lava 7*00 

Pjiase V. Fine decomposed brownish soil 1*00 

I 
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metro. 

Phase VI., Period 1. Hard brownish grey compact pumice, ... 

graduating into partly rounded lapilli witli more pumice 

at the top 

Period 2? Yellowish dusty soil, with blocks of much de- 
composed lava (rare), and bits of white 

pumice 

Rounded or subangular, grey, light pumice, 
yellow coated, with very thin ash beds, pass- 
ing up into 

Yellow dusty, oi* loamy soil^ with fragments 

of the underlying pumice 

Period n. White, light pumice 

Yellow ashy soil 

Veriod 4. White, retiier light ])uniiee. rich in sanidine, 
together with a few foreign eji‘cted blocks ... 

More compact, greenish grey ])iimicc, mixed 

with more foreign blocks 

Fine grey pisolitic tufa, passing up into 

Phase VII., Periods 1 to o. Tin* same, non-pisolitic 

Period 4. Hlack, juimiccous scoria, enclosing broken leu- 
cite crystals, with subangular lapilli, and 

dust 

Fine asji, false-bedded 

Period o. Liglit, hliu^k, A'ltreous scoria, with an inter- 
laminated band of pink lapilli 

Note. A few yards beyond where this section was taken, the vall(‘y curves U) 
the west, and in tlie section there pri'stmted nearly every mcniiber can be seen 
to rest unconformablv on the dennded Burla(;e of tlie bed below. — Vide Fig. 2. 
p.lll. 

SECTION 0. Stone-quarry at Cisterna. This section is taken in the quarry belong- 
ing to Signor Francesco IMonte. It is the first one encountered after 
leaving Cisl erna on tlie road to M a rigliano. Then', are othi'rs along the 
same road, showing similar deposits, and demonstrating tlie presence of 
a coarse leiicilitic lava of unknown thickness, and at least more than 


half a kilometre broad. metres. 

Phase I. Lava, rather porous, and deconq^osed at t he to]), highly 
crystalline, the leiieite, 2 > 3 TOxenc, and olivine being 
large and well developed. Quarried down to drainage- 

level 20-00 

Phases II., III., IV., V., & VI., Period 1. Yellow, decomposed soil, 

with rotten, white(‘:') pumice 1*00 

Period. 2. Light grey, spongy pumice, yellow dust, &c.... 1*00 

Period 2 or F’iiie ash O’lO 

Period 4. White sanidinic, and greeni.sh-grey compact 

pumice, with fragments of ejected blocks 0*12 

Phases VII. & Modern vegi'table soil 0*90 

SECTION 7. Lagno di Trocchia. Section taken on the nort h side of the valley 
below the space included by the contour-lines of 2.’>0 and 2(>0 metres. 

metres. 

Phase VI., Period 1. Fine grey lapilli, earthy at. top 0*30 

Jlfjrd, brow nish grey, compact pumice 0*80 

Period 2. Yellow ]uimic< ous soil 2*50 

Rounded, grey or yellowish spongy pumice, 

with yellow* soil (false-bedded ) 1 *50 

Period 3. Coarse breccia 0*0t) 

False-bedded breccia, coarse in patches, with a 

little white pumice 8*00 

Fine yellow* earth 1*00 


0*50 

3*50 


rtHl 


0'80 

1*00 

0*75 

hOO 

0*40 

2-00 

0*75 

1*25 


0*80 

0*80 

1*00 
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Phase VI., Period 4. White and greenish grey, coinpact j)umice, with 

iragments of foreign ejectecl blocks 1*50 

Pine grey ashy bed witu pisolitic concretions . 2*00 

Phase Vll., Periods 1 to d. Very irregular hiise-bedded breccia and 

tufa (>00to2500 

Period 4. Jllacrk puiniceous scoria, with broken Iciicite 

crystals, lVc 1-50 

Periods h & (> and 

Phase Vlll. Coarse breccia 10 00 

Note. The section is I'or the most ]>art inaccessible, the loose large block? 
preventing it lu'ing sc.aled and minutely examined, as in other cases. Figure 1, 
p. 87, is taken a little lower down the lagno, on the same side. 

SECTIONS. VaJlonc Von Puck. Tlie Lagno di Pollena divides near the 250- 
metre euntonr-lijje into two large branches ; the left hand one, being 
nameless, J liuve ealled after the celebrated vidcanologist. It is in the 
more southern braiu'h of this, near the 45()-metre contour-line, and 
at the foot of a cascade*, that the following section was taken. 


Phase I. Lava and sc.oria metres. 

Phase 11. Fine dusty soil, probably ancient W'getation-surface 0*30 

Phase III., Period, 1, White light pumice, cVe 0*40 

Period 2. Compact, black, y)umiceou8 scoria 0'40 

Period 4. iSubangiihir breccia, with blac‘.k sj>ongy scoria 

at bottom 4’00 

Phase Period 1. Pinkish, or violet-grey lava 0*50 

Period 1 or 2. Plack, or reddish spongy scoria 6*50 

PjiASE VI., Period 1. Compact, brownish-grey pumice, tVe 1*50 

iSlratdhid, coarse and line breccia 3*00 

Period 2. ^'cliow' ashy soil 2‘50 

Period 3. Whiite, light ymniiee, &c 0*20 

Fine, w liite, asiiy pumice 0*50 

While, light pumice, 6ic 0’50 

Fine rolled jmmice 2*00 

Concretionary bed OTO 

Yellow, ashy soil 0*50 

Pcriijd 4. Compact, greenish -grey pumice, with a whiter 
saiiidinirerous varit'ty at bottom. Many 

ejected foreign blocks 3*50 

Fi?ie, grey pisolitic ash 1*00 

Phases VII. k, Vlil. False-bedded siind and breccia 5*50 

SECTION 0. ValUmc, and Laijno di J*oHena, Ceneral section on S.W. side of 
the valley. 

Phase 1. Lava and scoria, alternating metres. 

Phase III., Period 1. White, light pumice 0‘40 

Period 2. Plack, ])umieeous scoria 0*30 

Period 3. Fine ashy matter, rounded leucilitic lapilli, 

passing up into 0*80 

Period 4. Very coarse, violet-brown breccia, with large 

lava blocks, scona, &c 55*00 

Phases IV. &. V. Ilrownisli yellow material n‘sembling the above but 

more decomposed 0*40 

Phase VI., Period i, 11 urd,browiiisb-grey, compact pumice with leuci- 

iitic lapilli .containing consolidated bands ... 2*00 

Fine ashy-grey sand, wdilv many blocks of lava 

much decomposed 3*00 

Period 2. Fine yellow dusty soil, with occasional bands 
of rounded waterworn pumice, often very 
false-bedded .. 2*00 
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Phase VI., Period 3. White, light pumice, &c 0*20 

The same rolled, rounded, and false-bedded ... 1*80 

passing up into — 

Yellow, much decomposed, dusty soil, often 
pisolitic, and containing near its middle a 

concretionary bed (0*20) 2’00 

Period 4. Fine-grained, liglit, white, sanidinic pumice, 
mixed chiefly with leucilitic lapilli, very Jishy 

at top 0T)0 

Compact, greenish-grey pumice, with leucilitic 
lapilli, and abundance of foreign ejected 

blocks 3-5(1 

Light grey, pisolitic tufa, passing up into 4*(X) 

Phase VII., Periods 1 to 3. Pumiceous breccia very variable as to its 
components and coarseness. (It shows sometimes 

thick beds of Plinian pumice ?) 14*50 

Period 4. Black, jmmiceous scoria (leucitic). occtisioually 
compacted together, and altered to a brown colour ... l.o-OO 
Periods 5 & (>. Breccia, very variable as to its eonijjo* 
nents and coarseness 


SECTION 10. Cupa di Palhmno. General comjiound section of this valley and 
its large northern branch. These two are often known as Riva* and 
Cupa di Quaglia ; but iu this paper 1 folluw the great coiitour-maj) 
so as to avoid ambiguity. jiietres. 

Phase VI., Period 1. Yellowish-brown earth with much rolled, light, 

white pumice 4.(X> 

Period 2. Black jmmiceous scoria in rather large masses 

Avith leucilitic lapilli 3-()() 

Fine ash bed 0-2,5 

(Break in continuity of section). 

Period 3. Light, white puunce, Avith leucilitic lapilli 

forming a band, esjiecially near the middle. . . 4*50 

^ bite, light pumice, but smaller and richer in 

leucilitic lapilli as the to], is npproachfd ... 2-0<> 

GreyisJi a.di-bcd AA’ilh jAumice, very })isolilic ... 2’Ott 

Period 4. W iiite. light sanidinic pumice, water-roll etl, AA'ith 

many bits of .scoria 

Tlie same unrolled, passing uj) into coarse, com- 
pact, gn*eiiish-grey j)ijmice, rich in ejeckul 
foreign blocks and leucilitic lava ! fJmO 

Phase Vil., lenods 1 to (j. Coaivc and hue breccia, fulse-UMlded, sand, 

piusE VIII. La^a‘ofis72‘'”’ 

SECTION 11. Quarry near Pesdm SoUil, S.S.K of Pompni. metres 

Phase I. Coarse leucditic hiAa, Tuuch kaolinizod near llic foil 
Phases II., 111., IV., V., A- VJ. V..llo„-I,rown dusty sud, 

Iragments ot iughly decomjiosed pumice (old gardens 

oi the Pompeians) .ww. 

Phase VII., l>criocl I. I'lmian pumice, wliiter uiid niurc riircourui 
the liottom, but coar.ser and mierocrystallinc 

at the lop " 2*30 

Pisolitic ash q.*jq 

Leucilitic lapilli, and compact greenish pumice OTO 

Pisolitic ash Q.r,Q 

Leucilitic lajiilli, and compact greenish pumice 0*10 
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Phahe VII., Periods 2, 3, 4, 5, 6, and 

Phase VIII. Ashy soil, pisolitic at bottom and cultivated on the sur- 
face 5*20 

SECTION 12. Streets of Pompeii. Section taken just beyond the Vico dei Duo- 
dici Dei, in the Strada di Abondanza. 

Phase I. Lava ? 

Streets of Pompeii with their pavements. metres. 

Phase VII,, Period 1. Plinian pumice, the lower third more vitreous 
and wliiter ; the upper two thirds more 
compact and microcrystalline, with greater 

abundance of ejected foreign blocks 5’50 

Pisolitic ash O’lO 

Leucilitic lapilli, and compact greenish pumice 0*10 

Pisolitic ash 0*()0 

Leucilitic lapilli, and (‘ompact greenish pumice 0*10 
Periods 2, 3, 4, o, (1 and 

Phase VIII Pisolitic ash passing up into vegetable soil 2*00 
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4. Bbitish Cbetaceoits Nuculid-®. By J. Stabkie Gardner, Esq., 
F.G.S. (Bead November 7, 1883.) 

[Plates TIL-V.] 

The Nucules and Lediv.^ with their allies, are now generally separated 
froin the Arcidae, and in a palaeontological point of view this separa- 
tion is amply justified ; for their distinctive characters have persisted 
throughout many geological periods, and may be recognized to some 
extent now in the Silurian fauna. The family of the Nuculidac 
includes a number of genera and subgenera which it would be incon- 
venient to adopt here ; for while probablj’ every geologist would dis- 
tinguish a Nucida from an Area or from a Lcda^ even if imperlectly 
]>reservcd, none hut a specialist would be able to soj»arute a Yoldia 
from a Lt'da^ and only then in the event, not common among (’rota- 
ceous fossils, of the internal characters of the shell being revealed. 
Were all adopted, the Nuculidfc from the Gault of Folkestone alone 
would require seven subgeneric names ; but their distinctive cha- 
racters are relatively too trivial to be of ])alieontulogieal value. 

The details of the hinge and the position of tin* mus('iLlar attach- 
ments do not appear to be of very great importance in this group and 
are not always visible in the fossils ; they are therefore omitted from 
the abridged descri])tions of the species. 

Both Ledrr^ and XucuUv occasionally abound in the marine forma- 
tions of the Cretaceous system, except in the White and th(‘ lied Chalk, 
whence they may have been dissolved out. The s]>eci(‘s do not differ 
greatly from those of the Jurassics, nor from those of the pi'cscnt 
day. 

Besides the definition of new or imperfectly described species, a 
revision of the family is necessary, as confusion still exists in works 
on Cretaceous geology between the genera Xai a/a and Lrda, owing 
to Sowerby, D’Orbigny, and other authors having describ(‘d all the 
Cretaceous species as Xucidit ; and although a few Lrdm are now 
sometimes distinguished, these are still assigned indifferently to one 
genus or the other in lists of fossils. Yet the two genera are ])er- 
fectly definable, and both have been establish (jd for more than half 
a centur}’. Again, several of the species are credited with a much 
wider range than they actually possess. Some species have clearly 
been founded on Tnisapi)rehension, and a few others have cre|)t into 
our lists which have not hitherto been met with in Great Britain, 
while the published illustrations of most of them are indifferently 
executed, and must be sought in expensive and often voluminous 
publications long since out of print, and the few descriptions of them 
in our language are meagre and imperfect. 

If we examine the Nuculidae of a single Cretaceous horizon, as 
the Gault, and exclude all others, we see an assemblage of species 
which differ for the most part as widely as j>ossible from each other. 
These seem to be forms whose ancestors were differentiated at least 
prior to the Jurassic period. But when the Nuculidm from the 
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whole of the Cretaceous series are embraced, we find types repro- 
duced at each stage which so closely resemble each other that it is 
almost impossible in some cases to formulate any distinguishing specific 
characters, and it is clear that they are in a direct line of descent. 
Yet the slight differences between the same type of Xxicula or Leda 
from the Ncocomian and from the Gault, or the Elackdown Beds, 
are constant and permanent modifications in some given direction, 
brought about by lapse of time or changed conditions, and once pro- 
duced never revert, and with our present system must therefore 
rank as species^. It is preferable rather to emphasize the succes- 
sive modifications than to conceal them under a common name. 

These several parallel lines of descent traverse the whole Creta- 
ceous system, and each of its stages or subdivisions contains a link 
rej)rcsenting a modification through lapse of time or changed physical 
conditions, in some definite direction, either towards a last repre- 
sentative species, or towards a still existing type. The group of 
‘‘ Ovatm,’’ after having [)ersi.sted from remote periods, appears to 
have become extinct with the close of tlie Ci-etaceoiis, though it is 
b}' no means certain that we yet poss<*ss any knowledge of their 
latest repr<‘sentativcs. Some of the most typical Pectinatoc ’’ of 
the Cretaceous no longer survive : hut the externally smooth type 
with (Ten (dated interior margin, \\ hich a])pears for the first time in 
the Blaekdo^A•n Beds, is the ])revaleiit type throughout the Tertiaries 
and at tlic* ]ircsent day. 

If it were ])erinissihl(‘ to base a goi^eralization on a single group, 
this evidence would lead us to rc'gard the Blackdown Beds as a 
younger meniher of tlu‘ Cretaceous system than the Gault, or than 
any other Phigiisli n'preseiitative of th(‘ l'p])er Gre^ensand. This is 
ill accord with all the other evidence, and bears out tlie view 1 have 
long h(dd, that, taking tiie south-eastern coimtios of Plnglaud and 
the of Prance, and thence S.E. towards Switzerland, as the 

Cretae(X)us centre, we shall find that as we travel away from it the 

* It is (vrtniidy deplorable tbat all lliese forms must , under tbe present system, 
have specitie names (ronl’crred upon them wbieli do not in tbe remotest degree 
eoiive} llio elostMiess or the remoteness of tbe relationship between lliem. Forms 
utterly unlike each other, aud wliieli must have bi*(‘u separated from their eom- 
moii ancestors by scores of intervening species, and whose dillerentiation doubt- 
less took place in J*ala*ozoic times, not distinguished from each other in any 
higher degree by their nomenclature than are forms so closely related that not 
a single specific generation has intervened. It is thoroughly impossible with a 
simple binomial nomenclature to indicate the degree of relationship subsisting 
betwt'eu fossil species, and it will most assuredly some tlay he necessary to intro- 
duce additional terms adequate lo ex])res8 their interrelationship. If we come 
inU) possession of even an aj^proacli to a perfect record of the ilescent of a group, 
as we may certainly hope to do. link after link being discovered, the present 
system must absolutely break down. Tlie po^sible, and even probable, varia- 
tions brought about by lapse of time, changing physical comlitions, and migra- 
tions during the geological ])eriod, in any faniily of Mollusca that has been long 
persistent , must he so eiuUess that, as these are brought lo light, it must certainly 
become impossible to elassi fy them as speeies, or even subspecies ; and is it not 
evt‘n now obvious that s])ecies among Brachiopods and other groups that have 
been spt‘cially stuilied are not. the equivalents of what are ordinarily recognized 
as sjiecies among less perfectly known groups of Mollusi^a V 
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beds hitherto regarded as equivalent in age become actually and 
relatively newer. The Cretaceous series of Devonshire, Ireland, 
Limburg, and Denmark, though almost identical in their sequence 
and lithological characters with those of Kent and Sussex, never- 
theless contain assemblages of fossils of much younger aspect. The 
approach to Tertiary types is least marked in the Blackdown Beds 
at Blackdown, but they contain types, and even genera, not met with 
elsewhere in the Cretaceous scries except at Aix-la-Chapellc, where 
at least 50 per cent, of the MoUusca incline to Tertiary forms. In 
the Cretaceous rocks of Denmark, which are still more remote from 
our centre, the approach to Tertiary forms, though naturally less 
obvious in the White Chalk with lliiits, is very intimate in the over- 
lying coral band and limestone, the only Cretaceous foim among a 
large number of Cyprua, Tritons, Volutes, Mytili, liostellaria^ 
Turhiiulliv^ &c. — all of Eocene aspect — being a Plenrotomaria. In 
the Irish Chalk, again, we have TvrriielUr and Sralarut, as well as 
casts of J//tm-like shells, whicli aj>proach Tertiary types. In an 
area of prolonged and gradual subsidence, as Kuroi)e undoubtedly 
was throughout the U])per Cretaceous period, the deep sea, or ancient 
gulf of the Atlantic, as represented by the Chiilk, would gradually 
encroach further and further in every direction as the levels were 
lowered. At a certain depth the pliysical conditions rendered the 
dei^osit of Upper Greensand alone possible, and the deposition of 
this quality of sea-bed seems to have been accomplished in deejier 
water than that in which the Gault mud was formed, but less deep 
than that required for the Grey Chalk. It precedes the Chalk in 
what I designate its central area, and was continued in ever widen- 
ing contours as long as the d(’pression was maintained, or, in other 
words, for as long as the Cretaceous period lasted. Its ultimate 
margins must be beyoiid and younger than all but the newest true 
Chalk, if, as appears certain, the deposition of (ireensand or Chlo- 
ritic Marl was a necessary ]>hase leading u]> to Chalk. During the 
Cretaceous subsidence, wherever the Atlantic ( )cean j)enetraled, a 
Greensand bottom was nearly iiivari.ably followed })y one of Chloritic 
Marl, and this by Chalk without flints, and this again by Chalk with 
flints. AVhat we take h»r horizons oi' zones of age are no more 
than travelhng zones of de])th, whicli radiated from a centre through- 
out a long period of depression, commencing in our area at the base 
of the Middle Cretaceous series and enduring elscwliere witlnuit 
interruption to a period immeasurabl}* more recent than the ne^^'est 
of our English Cretaceous rocks, which liave since suflered vast de- 
nudation. It is thus misleading to sjieak of tint I j>per Greensand, 
as a formation, being older tlian tlie Chalk, though in any given 
area it is older than tlie Chalk of the same area, hcrcause its depo- 
sition preceded that of Chalk on that s]>ol. Burely local causes 
seem to have led to the chert fonnations of Blackdown and Aix, 
the Firestone, Marne rock, the Jted and Grey ( 'halks, <yc. ; but tlujse 
causes may have recurred at any interval and anywhere along tlii' 
margin ot the Chalk ocean, and similarity oi* lithological character 
does not in this case imply contemporaneous deposition. The old 
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classification of the Chalk into zones of age has been greatly favoured 
by the fact that each zone of depth seems to contain a fauna some- 
what special to it, and that these faunas in the deeper sea-zones 
were so slightly modified with lapse of time that hardly any spe- 
cific distinction is visible, and the faunas of the newest beds or 
outliers of the (Jhalk with flints can be almost correlated palaeon- 
tologically with the oldest ; though even in these a careful study will 
reveal progressive change*. A modified Cretaceous fauna survived 
in the newest members of that series in America, into what were, 
perhaps, almost the older Eocene times in Europe. Much of the 
true Chalk fauna still exists in the moderate depths of the Atlantic ; 
and it is doubtful, save for the extinction of some of the most cha- 
racteristic groups, whether an ux>heaval would not reveal beds which 
not many years since might, too, have been classified as Cretaceous. 
In the more littoral outlying Greensand Beds, whore (iastropods are 
preserved, we have, however, a successive and rajiid modification 
towards an Eocene fauna : and ujx)n the present hypothesis not only 
is this fact exj)laincd, but the fiir more anomalous one, that beds 
hitherto supposed to be of the same age were preceded and accom- 
panied in England by a purely Jurassic flora, while in llhenish 
Prussia and America they were preceded hy a flora with a prepon- 
derance of dicotyledons of a singularly Tertiary aspect. These are 
problems not perhaj)s immediately connected with the subject in 
hand, and an a])ology is luu'ded for so long a digression ; yet, as a 
scratched pebble may lead to the discovery of an ancient glaciation, 
so the ai)parently most uninteresting group of fossils may furnish a 
clue to the mode of dei)ositioii of a great formation. 


Nucula, Lamarck, 17^19. 

This genus, oxfdiisivo of Lida, comprises small inequilateral shells, 
nacreous internally, with a hinge composed of numerous interlocking 
teeth and a cartilage-j)it. They are more or less truncated in front, 
with a flattened region termed the lunule ; possess x^rominent um- 
hones, and are tumid or seldom compressed. The genus is restricted by 
some writers to those species which possess a dcuticulated margin t. 

The Cretaceous species, exclusive of Leda, are separable into two 
great divisions, the ovate and the suhangular forms, and these may 
again be subdivided into smooth-shelled and sculptured-shelled groups. 
The two principal divisions are of great antiquity, their separation 
dating hack in all probability to Palmozoic times. In the ovate 
division, which I refer to as the Ovatie, the apices of the umbos are 

* Mosasaums takes the plaee of the older Cretaceous Reptilia ; Baculifes and 
Aturia appear among Cephalopods; the Belcmniiella of our Upper Chalk 
characterizes alike the Chalk of Iresland, Aix, and Denmark. iScajphites and 
Ammonitea remain ; but in what direction the newest lorms bad developed 
before they bi^came extinct is still unknown. These with hioccramus and Pleuro- 
toniaria, and some Brachiopods, form the latest Cretaceous groups. 

t Such a classification would, in this case, be extremely inconvenient; for the 
entire division of “Ovatae” would have to be remo\ed. 
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situated about one fourth the length of the shell from its antenor 
margin, and the lunule is usually ill defined, and the test and lips 
smooth. In the subangular, or trigonal division the umbos are 
situated further forward, generally at one fifth of the whole length 
from the anterior margin, the lunule is a distinctly defined region, 
and the species are generally sculptural and the li]) toothed. For 
this division I propose to adopt BHlrhigny's term Pectinatie, a name 
recalling the prevailing sculpture and the most typical form. The 
characters implied by the proposed terms will most readily be recol- 
lected if they are associated with the two most classic and best- 
known fossil Nuculcv, N. ovata, Maut., and JS\ pectinata, Sby., of the 
Folkestone Gault. The short side to which the umboncs are turned 
is termed, and perhaps correctly, the posterior side by some authors ; 
but in the present description the short side oji which tlie lunule 
occurs is referred to as the anterior, the long side as the posterior, 
and the side opposite the umbo as the inferior margin. Length is 
the extreme measurement from anterior to posterior margin ; height 
the distance from the inferior margin in a straight line to the top of 
the shell above the umbo ; and breadth or depth tlie distance from 
the chief projection of one valve through to the chief projection of 
the other valve. 

For the sake of brevity I have stated the chief characteristics 
of each subdivision but once, and they are not r(‘Ca})itulated in 
the descriptions of species. 1 have also tabulated together the 
dimensions of the species and the i)o.sition of tlu' umbo for conve- 
nience of reference and comparison, instead of stating tbein sepa- 
rately. 

The Cretaceous foi’ms are cai)ahlc of subdivision into groups of 
species which resemble each other so closely as to seem, at first 
sight, little more than varieties, though each presents, when care- 
fully examined, some definite modification, and charaetcrizes a par- 
ticular horizon in the Ihiglish Cretai-eous series. This ])eculiarity 
has led mo to select ;is tvpcs for descri])tion, and as standards of 
comparison, the group from the Folkestoiu* Gault, which not only 
contains the best-knoAvn and most perfectly ])roserved shells, but 
also occurs at about the middle of our CrotaccMuis series. They 
arc, moreover, singularly abundant, being j’epresented in my own 
collection alone by so great a number of specimens that the ai)prox- 
imate limits of their variation are easily ascertainahle. 


L^VIGATiE. 

In this group the shells are Biiiooth or marked concentrically only, 
with scarcely any trace of ribs or pectinate structure. The urn- 
bones are situated at about one fourth the entire length of the shell 
from the anterior margin. The lunule is small and usually ill 
defined. The lip is smooth, without notches. The shell is thick, 
and very nacreous internally. 

There are two distinct types in the group, one represented by 
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N. ovata and the other by N» impressa^ each type having ranged 
throughout the greater part of the Cretaceous period. Of these, 
the following have been met with in our area : — 

TxrE OF N. OVATA. 

N, planata,!)^^, Neocomian. 

N, ovata^ Mant. Gault. 

N. mpsinformia^ Mich. Gault. 

N, obtusa, Shy. Llackdown and Grey Chalk. 

Type of N. impuessa. 

N. Cornne/ ^ d’Orl). Ncocoinian. 

xV. simplex^ ])osh. Xoocomian. 

^V. aHnnsis'^ d’Orh. Ganlt. 

N, iiHpres^m, Sf)y. Jllackdown and Grey Chalk. 

N. Minjeri^ Gardn. Neocomian. 

OVATJE IlF/nCULATJE. 

The few species belonging to this group possess a reticulated 
structure and toothed margin. Only one is British. 


kSubdi vision ( ) v at^e 

Type op X. ovata. 

Gault S^'fcrics. 

XrcuLA OVATA, ^Maiitcll. Plate 111. iigs. 1 -3, 1’late IV, figs. 28-30. 

Nunila ovata, Mantell, Geology of Suss(‘X. pi. xix. Iigs. 20, 27 
(1822) (non ovata, (POrb., ]’al. Franc, vol. iii. p. 173, pi. 302, 
figs. 1-3). It has been included, on iraperlcct data, in the genus 
Cartillvlla^ !M'’Cov. 

This shell averages, length 10 mm., breadth 10 mm., height 
IG mm. ; hut these dimensions are occasionally exceeded, attaining 
as much as 25 mm. in length, 12 mm. ])readth, and 1 G mm. height 
The form varies considerably, the anterior outline being subovate 
to subaiigulate, and even slightly produced into a blunt beak. The 
opposite end is more regularly ovate. The inferior margin is 
straight for some distance, slightly constricted opposite to the 
umbo and slightly sinuous towards its anterior termination near 
the lunule. The test is solid, and has a white and glossy ap- 
pearance ; it is strongly marked by lines of growth, which in very 
many specimens become deep furrows, especially numerous towards 
the inferior margin. There are no transverse ribs externally, though 
a radiating structure can always be seen in certain lights. In- 
ternally, the tost is nacreous, the cast smooth, the adductor muscles 
not prominent, the denticles of the hinges very numerous and defined. 

* In tho depnrtniont of the Aube, in France, it is found in several places 
equalling N. capscpformis in size, and at St. Floreutiu it passes into that 
species. 
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It appears to occur throughout the Gault, in the Cambridgo phos- 
phate-beds, and at Upware {fide Keeping) ; but it should be removed 
rrom the Speeton-Clay and Blackdown lists of fossils. Its range in 
France is comparatively restricted, and at St. Florentin it passes into 
the allied species N, capscefonnis^ Mich. Very perfect specimens 
with tightly closed valves may be picked up by the score at Folke- 
stone, when the tide is out. Mr. lesson's collection includes 
specimens from Cambridge, so that it appears to be abundant there 
also. Examples of these are figured, Plate IV. figs. 28-30. 

Pictet, like E’Orbigny, confounds this species with K capscr- 
formis^ and apparently describes casts of true N. ovata as i\. 
gurgitis. 

Blackdown Species, 

Kucula obtusa, Sby., in Fitton, Geol. Trans. 2 ik 1 ser. vol, iv. 
pi. xvii. fig. 11, p. 342 (1830). Plate IV. figs. 1~2. 

This shell is of about the same size as ^V. orft/a. and similarly 
smooth, marked Avith lines of growth and deep fiiri\)ws towards th»‘ 
inferior margin, but differs very strikingly in its truly ovate form and 
regularly curved inferior margin, and in the absence' of any tendeney 
to constriction. The umbo also is much more foiAvard, and tin' 
lunulc is less defined. It is evidently a rare shell, for it is absent from 
the private collections that I liaA'e seen, and of the three specimens 
at Bristol, one is a mere fragment, and none lias the binge perfect. 
One shows the pearly nacre under the oiit(‘r layer, which is of tin- 
crystalline structure usual in Blackdown fo>sils. 1 have a singh' 
cast from the Gi'cv Chalk of Folkestone which seems to b(* identical 
in every respect with X olfusa^ presenting precisely the sam<' 
differences from X ovata. It shows the muscular impression, anti 
appears to ha^ e been only an interior mould Avheii iinbeddc'd. 

The X ohiasa described by D’Orbigny, Terr. (Vet. vol. iii. ]>. 
and figured pi. 3<M), figs. 1-5, as X planatcf, Desli., is certainly 
not the same species ; but ITOrbigny himself subsequently rectified 
his error in the ‘ Prodrome.' 

The specimens originally figured by Sowerby are still prc'servcd 
in the Bristol Museum, and 1 am indebted to tin; courtesy of tlir 
Keeper for the opjmrtunity of comparing them at leisure in 
London. 

A^Thc figured specimen is from the Jerrayn-Stre(‘t Museum, and 
others are preseryed at Cambridge and in the British Museum. 
There anj specimens from tlie Uppei* Greensand f>f Deyi/.es. in both 
the British and Jermyn-Street Museums, Avhicli seem to connect 
this Avith the true X ovata. 


B ((ico'in uch Sjtcctes, 

Kecula planata, Desh., in Leym., Mem. de la Soe. Geol. t. v p. 7, 
pi. 0, f. 3 (1842). Plate V. figs. 1-4. 

The only difference that I observe between this and N. ovata is a 
more compressed shape, and perhaps slighter tendency to con- 
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striction, and more curved inferior margin. D’Orbigny remarks 
that it is related in form to N. ovata^ but that it is distinguishable by 
its bettor-marked and smaller lunule and by a different form of cast. 

One of Mr. Meyer’s specimens, and others in the Woodwardian 
Museum, show that the difference in the lunitle is correctly noted ; 
but there are no British casts to compare in other respects. It is 
by no moans an uncommon fossil in the Speeton Clay. 

Of two specimens figured (PI. V. figs. 2, 3) from the Leckenby 
collection in the Woodwardian Museum from this deposit, one 
greatly exceeds the ordinary dimensions, measuring 27 mm. in 
length by 11) mm. in depth ; this is the W. ovata of Phillips, from 
the Hpocton Clay, figured in the ‘ Geology of Yorkshire.’ 

Mr. Meyer has two specimens from tho ‘ /Crna-Bod ’ of Bedcliff, 
Isle of Wight, and one from the same horizon, from East Shalford. 
Those in the British Museum and at Cambridge are from the 
‘ Cracker rocks ’ of Atherficid, and the Speeton Clay. D’Orbigny 
describes it under Sowerby’s name W. obtusa, Terr. Cret. vol. iii. 
p. 103, and figures it as X. planata^ pi. 300, figs. 1-5. All 
references to X. Impreifsa and X. obtusa from the Xeocomian or Lower 
Greensand should pro])a]dy be read as X. planata, the two former 
species l)eing apparently confined in England to the Blackdown 
Beds. 

Gault Species. 

XucuLA CAPS.EFO Kills, Micheliii. Plate III. figs. 4-5. 

Nucala capsoefonnl'^, Michelin, Mthn. do la 8oc. Geol. vol. lii. 
pi. 12, fig. ( is3()). {X. d’Orb. 7. r. ante, W. de Rancei., 

Price, (iuart. Journ. ( J(‘ol. Soc. vol. xxx. p. 358.) 

The outline is very siiiiil..: to that of X. ovata, but the shell is 
more compressed, and of larger dimensions. I have not come across 
any British sjiecimens (piite equalling the length, 35 mm., men- 
tioned by D'Orhigiiy. The t est is very thick, but has not the white 
and glossy appearance of X. ovata, owing its a])pearance to the 
relatively thin covering of the nacreous layer. The striae of growth 
seem more regular, and there api)ear.s to he a far less tendency to form 
those dee]) furrows parallel with the ventral margin which are so 
characteristic in N. ovata ; hut in all other respects their descrip- 
tions would be identical. It has never been met with in England, so 
far as 1 can learn, except at Folkestone, where it seems to be confined 
to tlie Lower Gault *. It is rehitivel)' rare, and I liavo only been able 
to secure about 15 specimens. Its range in France is much greater, 
and among sj)ecimons from St. Florentin, a locality repeatedly 
referred to by D'Orbigiiy, there is a complete passage into tho 
allied species N. ovata. Tliis may account for the confusion in 
regard to tliem that exists in D'Orbigny’s and in Pictet’s works, and 
it is not a little instructive to find 8])tHacs ])erfectly definable in our 
area, incapable of separation in another area so little removed. It 

* It is recorded by Price, 1. c., only from the lowest and from the 11th 
‘ bod ’ at Folkestone. 
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is a result, however, which we may expect to find of very frequent 
oocurrence when species are critically compared. The specimens 
showing this passage are in D’Orbigny’s collection in the J ardin dos 
Plantes. 

» Type of K. impbessa. 

Oault Species, 

Nuctjla albensis, d’Orh., Pal. Fran<^., Terr. Cret. vol. iii. p. 172, 
pi. 301, figs. 15-17 (1843). Plato III. figs. 6-8, Plate IV. 
figs. 24, 25. 

The average dimensions of this species are tabulated ; but I 
possess a unique specimen reaching a length of 21 mm., a height 
of 16 mm., and a breadth of 10 mm. It is very variable in form, 
more angular and more compressed than N, ovatn, with a very in- 
conspicuous liinule, a glossy and striated surface, and if furrowed, by 
no means deeply so. The test is moderately thick, and tlie nacreous 
layer very tliin. The postt^rior region seems more dcvclo])ed 
relatively than the anterior, giving the shell an unsymmetrical 
appearance. A variety is more trigonal and tumid, but preserves 
the ill-defined lunule (Plate III. fig. 7); an exceptional S 2 )ecimen 
modifying the relative measurements in a remarkable degree, 14 mm. 
in length, 12 mm. in height, and 8 mm. in breadth, with a less glossy 
shell. The si)ccics aj^pears to be very abundant at Cambridge, for 7* > 
specimens were sent to me for examination by ^Ir. Jesson. Theses 
casts, Plate IV. figs. 24-25, average rather smaller dimensions, agree- 
ing better with those given by D’Orbigny, and are easily distinguish- 
able from casts of A\ hivinfata (Plate iV. figs. 20-22), by the much 
slighter prominence of the adductor muscles, and the more com- 
pressed form of the valves. It is one of the most abundant fossils 
at Folkestone, though j>ossessing, according to Mr. Price, only a 
limited range towards the n})per part of the Lower (iault, and is 
met with in the same condition as N. ovafa. Of three sj)ecimcns 
from the Grey Chalk, one a]q)ears identical witli the ])r(‘sent s])ecics, 
while the others approach more closely peril aps to A. imin'^ssn from 
Elackdown. A specimen from Sj»eeton, in the Jbitish Museum, 
labelled N, snhaiujidfi, MS., resembles this form, but may be an 
imperfect specimen of N, phinata. 

BlacJcdown Species. 

Nucula impressa. Sby., Min. Conch, vol. v. ]>. 118, ]>L 475, fig, 3 
(1823). Plate IV. figs. 9-12. 

This is a very variable shell, gr(*atly resembling N. aVtcnsIs., but 
is smaller, broader, more beaked anteriorly, and iiosscsscs a much 
more sunken and strongly defined lunule. The lines of growth are 
more jironounced, and the valve is divided into two regions by a 
de(;p concentric furrow situated nearly midway between the umbo 
and the inferior margin, the upper region being smooth, and the 
lower traversed by other more or less pronounced furrows in the 
direction of the first and repeating the contour of the shell. 
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B’Orbi^y * describes a much larger species from the Neocomian 
under this name, but figures it as N. Cornueliana (plate 800, figs. 
6~10). It is erroneous to include it in lists of Gault fossils, as 
is frequently done, its horizon being the Upper Greensand of Black- 
down, where it seems to be common. I believe, however, that 
the easts from the Grey Chalk of Dover are of the same species. 
It has often been quoted as a Lower-Greensand fossil, doubtless in 
mistake for N, planata or N, Cornueliana. 


Neocomian Species. 

Nucula Cornueliana, d’Orb., Pal. Frang., Terr. Cr^t. vol. iii. pi. 300, 
figs. 0-1 C. IMate V. figs. 5-10. 

N. impressa, d'Orb. /. c. p. 105 (1843). 

This is a larger and broader species than N. alUemis^ angular, 
elongate, and more symmetrical. The lunule is slightly larger, more 
defined, sunk, but seeming to project a little towards the centre. 
The anterior region is more or less ])roduced in dift'erent specimens. 
The shell appears on tlie whole to be nearer to N. impressa than to 
any otlier s[)ecios, and it is in fact difficult to formulate any characters 
by which it can be readily distinguished, except that when well 
preserved, it is seen to l)e longer in proportion to its height and more 
produced anteriorly, Mr. Meyer has specimens from Bhanklin, from 
the Atherfield Beds of Bevenoaks, and from the base of the Folkestone 
Bedsof Nuttield ; and I have three specimens m most perfect preserva- 
tion from the ‘‘ Cracker rocks ” of Atherfield. The latter are young 
shells, but being tlie most perfect, have been enlarged for illus- 
tration. There arc also cxamj)les from the Tealby Beries of Benny- 
worth Haven, in the Wc dwardian Museum, which differ some- 
what from the rest in their greater depth and less open angle. The 
specie's, though described by D'Orbigin' as N. impressa, is correctly 
figured as A. Cornaeliana. It is not always easy to distinguish it 
from A. 2 ^l(tuata, but it is less ovate and more angular anteriorly, 
and slightl.v less compressed. 

Neocomian, Sjyecies. 

NtrcriA SIMPLEX, Desh., in Levm. Mem. de la Boc. Geol. vol. v. p. 7, 
pi. 9, f. 5 (1842). Plate V. figs. 11-13. 

This species differs from N. allHnsis and the other NucuIcb of the 
group in the smaller development of the anterior region, which is 
somewhat aluuptly truncated, and rounded, instead of rostrated, in- 
feriorly, so that the beaks almost overhang the anterior margin. 
The shell is nearly triangular, the inferior margin much curved, 
and the lunule small and ill defined. Mr. Meyer possesses it from 
lledcliff (Bhanklin, Isle of Wight), East Bhalford, and Sevenoaks, and 
I have several specimens from Atherfield. The latter, though small, 
are exceedingly perfect, and one is enlarged in figure 13, Plate V. 

* Terr. Crot. vol. iii. p. 1(>5. 

Q.J.G.S. No. 157. K 
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Nmoman species, 

Nfoitla Meyebi, sp. nov. Plate V. figs. 14-16. 

This appears to be a small species, nearly triangular, very nign 
in proportion to its length, and deep relatively to the other Neo- 
comian species. The umbo is small, the anterior margin slightly 
produced, and the inferior margin greatly curved and almost cres- 
centic in outline. It is striated with lines of growth, but has no 
pectinate structure, and the margin is consequently entire. The 
lunule is large and moderately well defined, and there are no very 
deep furrows on the test. I possess two s])ecimen8 from Ather- 
field, which were found \Ndth K simplex and N, Cornueliana ; and 
Mr. Meyer possesses one from Shanklin. The species arc named in 
compliment to Mr. Meyer, P.G.S., whose work in the field has so 
greatly enriched our British Cretaceous fauna. It is most nearly 
allied to N, impressa of Blackdown. 


Subdivision Ovatj: EETicuLATiE. 

Gault SjHcles. 

There are very few sculptured forms belonging to the group 

Ovato’” and these are confined to the (hiult. They arc reticulated, 
and the lip is apparently notched or toothed internally. 

Kfcula ARDUENNENsis, var. PUMiLA, d’Orb. sp.. Pal. Erano., Terr. 
Cret. vol, iii. p. 174, pi. 302, figs. 4-8 (1843). Plate 111. 
figs. 19, 20, 20a, 21. 

Our variety is veiy much smaller than that described by D‘< )rbigny, 
])arcly reaching a third of tlie dimensions given by that author. It 
has the characteristic form of tlie Ovatre, with an inconspicuous 
lunule, but is finely rib])ed and striated by transverse lines of 
growth, their intersection forming a regular and ddicately reticu- 
lated ornamentation. It has, like N. ovaUt, (»ecaNional deep 
furrows parallel with the inferior margin. The test is thick and 
nacreous internally, and the umbos generally abraded. Tlu' longi- 
tudinal striae seen rather more conspicuous, and the form loss 
angular than D’Orbigny’s description would lead one tosupjjose; but 
having examined his original specimen 1 can see no reason to separate 
the Folkestone form, except on account of its minute size. 1)’( )rbigny’s 
S])ecimen8 were found in the Gault of the Ardeniies ; and in England 
it appears to have a restricted range in the Lower Gault of Folke- 
stone. 

Casts of a large and undetermined species, agreeing with 
D’Orbigny’s description, are by no means rare at Cambridge, and 
may possibly belong to D’Orbigny’s species, A large specimen is 
figured, Plate TV. fig. 23. 
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List of Species, 


OvAT-® LiEVIOATJB. 


N, planata ... 

Length. 

mm. 

.... 18 

Height. 

mm. 

12 

Depth. 

mm. 

8 

Fosition 
of mnbo 
60-70 1 
100 J 

Angle. 

. 115° 

JV, ovata 

.... 19 

13 

10 

6(5' 

100 

128“ 

N. capserformis 

... 

21 

13 

68 
100 J 

• 128“ 

N, ohtusa . . . . 

.... ly 

15 

10 

751 
100 J 

115° 

iV. Conmeliana 

.... 17 

12 

7|-10 

70-80 

100 

■ 107° 

.V. slmple,v . . . . 

.... 13 

9 

H 

85 

100 

95° 

N. (ilhensis . . . . 

. . . . 10 

13 

7 

80' 

100 

- 105° 

N. imprcmi .... 

.... 12 

9 

6 

82' 

100 

. 85° 

N, Meyeri .... 

.... 8i 

8 

H 

701 
100 J 

■ 70° 


OVATJ 

B RETICFLAT.E. 



N. arduenuensis 

. ... 10 

12 

9 

761 

100 

97° 

N, anluennensis, 
pumila .... 

yar.|,, 

4 

3 

701 
100 j 

.128° 


These dimensions arc the average and not the extreme sizes in 
millimetres. The j)ositioii of the umbo is stated by tlie percentage 
of the distance from the posterior extremity, relative to the entire 
length of the shell, at which the beak is situate. The angles are those 
formed by the hinges or superior margins, and are chiefly after 
D'Orbigny. All the species being liable to considerable variation, 
the above dimensions and flgures should be regarded only as approxi- 
mate, particularly those referring to the imperfectly known Neoco- 
miaii forms. 


Angflatje. 

The Angulatcv are less numerous than the Ovatce, and the species 
are far more isolated or distinct from each other. They appear to 
differ structurally from the Oifatce ; for though the radiating structure 
so apparent in the rib -like scul})turing of certain species is invisible, 
at least externally, in others, where the shell has been abraded, it 
is very distinct internally, and is also betrayed in the crenulated 
lips. The shells are angular, the umbones very prominent and far 
forward, and the lunule distinctly defined and large. 

£ 2 
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Subdivision Angttlat^ Pectinate. 

Gault Species. 

NtrctrLA pectinata, Sby. Plate III. ligs. 15-1(1. 

Nucula pectinata., Sbj"., Mineral Concliology, vol. ii. p. 20/. 
pi. 192, fig. (1-7 (1828). One of the types of the subgenus Fori- 
landia of Mdrch. 

The dimensions tabulated are the extremes reached, and agree 
with those stated by D'Orbigii}’ in the ‘ PakVmtologio Fran(;aise.’ 
The form does not vary to anj' great extent. The test is tliick and 
strongly ribbed all over, except the lunule, and there are generally 
about 50 ribs on each side : the interior is nacreous and smooth, 
except the ventral margin, which is dee])]y denticulate. The Bjiaccs 
between the ribs, and sometimes tlie ril>s themselves, are finely 
decussated by stria) of gron th, and there are always in adult sj^eci- 
mens one or several furrows, or grooves 2 )arallel to the ventral 
margin. The tectii of the hinge are very strong and long, there 
being apparently as many as 24 on the longer one. It ranges with 
N. ovaia, excej)t at Cambridge, where all the casts hitherto assigned 
to it belong to jS\ hivinjata. The adductor muscles in the latter (ire 
situate much nearer to (he umbo, and consequently further from 
the ventral margin, and are more salient : and the form of the cast 
is less ])rodiiccd posteriorly, more truncate and smaller. The species 
is widely distributed in France, ov(‘r the Paris and Mediterranean 
areas. 

It docs not occur either at Blackdown or at Speeton, as stated by 
various authors. 

XrciJLA pectinata, var. cret^, var. nov. 

A pectinate form occurs in the Grey Chalk of Devon, which, 
while measuring only half the length of the Gault form, is consider- 
ably higher in proj)ortion. The riblets are also perhaps rather 
finer, though it is difficult to judge of this in the condition in which 
the Grey Chalk fossils are preserved. It is obviously a distinct 
variety. 

Gault Species. 

Nijcijla biviroata, Sby. Plate III. figs. 12-14 ; Plate IV. figs. 
20-22. 

Fiucida livirgata, Sby. in Fitton’s ‘‘ Strata below the Chalk,” 
Geol. Trans. 2nd ser. vol. iv. p. 835, jfi. xi. fig. 8 (188()). Including 
A. oomaiisswm, D’Orb. Pal. Franc, vol. iii. p. 175, pi. 802, figs. 
9-12, 1843. Type of the subgenus Acila., H. & A. Adams. 

The dimensions tabulated are considerably exceeded in a few rare 
specimens, the largest I have measuring 25 mm. in length. The 
form is very variable, as shown by the fact that although D’Orbigny 
admits that the type, with zig-zag marking, may be a variety, the 
relative dimensions of his two supposed species differ very con- 
siderably. The test is thick, strongly ribbed all over, including the 
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lunule ; the umbones frequently abraded ; interior smooth, nacreous ; 
margin denticulated. The width and prominence of the ribs is 
about the same as in N. pectmata, but their arrangement differs 
essentially. The anterior and posterior regions are ribbed at 
different angles, so that the two sets of ribs meet and form a series 
of chevrons or inverted V’s. In all the specimens I have seen the 
umbos are abraded, and it is therefore impossible to see how the orna- 
ment originates. In some cases the ribs diverge or converge twice, 
so as to constitute a region in which they form a series of inverted 
W’s, but the double divergence is seldom extended to near the umbo. 
PI. III. fig. 14 presents a very distinct example of this highly orna- 
mented variety, named N, ornatinrua by D’Orbigny. )Sometimes the 
ribs meet for short distances all over the shell, and in one case there 
arc five series of diverging ribs side by side. The divergence takes 
place centrally or nearer the posterior extremity ; but I have an 
example in which a secondary divergence takes place close to the 
umbones. The sculpture differs in plan, however, even on the two 
valves of the snme shell. As the ribs cross the ridge of the lunale 
they bifurcate (PI. III. fig. 12 «), so that the luniile is twice as finely 
ribbed as the rest of the shell, and the same thing occurs towards 
the posterior margin as far as the hinge extends, and occasionally 
elsewheiX5. There is this important difi'erenee, that wdiilo in N.pecti- 
nata the ribs are parallel with tine margins on both sides as far as the 
hinge extends, and are onl}’ at right angles to the inferior margin, 
in N. hivirgaia the ribs abut at right angles to the whole pcrii)hery 
of the shell. 

The variability of the ornament completely precludes its use for 
the subdivision of the species, and there is hardly an adult shell 
which does not tend to assume the ornalissimd character, at 
least along its inferior margins. D’Orbigny considered A^. orna- 
tisslma ” to be a smaller shell than A", hivirgaia ; but my largest 
specimens are all of the more richly sculptured type, to which about 
ten per cent, of the whole may belong. 

A finely ribbed surface all over the shell seems to have been 
required in the economy of the animal ; for the chevron-like breaks 
prevent the ribs from becoming coarser as the periphery enlarges. 
The interspaces are very finely transversely striated. The cast is 
much smaller, more compressed, and with far less space between 
the inferior margins of the valves than in N, pectinaia ; and these 
characters, in addition to those mentioned *, seem to distinguish it* 
It appears to be very common at Cambridge t (PI- IV. figs. 20-22), 
Mr. Thos. lesson, P.G.S., having sent me no fewer than 260 speci- 
mens, four of which have portions of the test adhering ; and though 
there is considerable difierenco in the form of the cast, I do not 
think they represent more than one species. It ranges, according 
to Mr. Jukes-Browne, through the Upper and Lower Gault at Cam- 

* Seo N. jpectbiafa. 

t It was identified with N, simplex of the Neocomian by Prof. Seeley; but 
the error was yjointed out by Mr. Jukes-Browne, Quart. Journ. Qeol. Soc. vol. 
xxxi. p. 299, who figured several specimens (pi. xv. figs. 4-8). 
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bridge. It is limited by Mr. Price to the 7th “ bed of the Lower 
Gault, and the “ Junction bed ” at Folkestone ; I have, however, also 
found it there in the basement bed and, I believe, in the Upper Gault. 

H. and A. Adams proposed a subgenus, Acila, to receive the 
present and other species with diverging ribs. 

Blackdoivn Species. 

Nfcula ANTiQiTATA, Sby., Min. Conch, vol. v. p. 118, pi. 475, fig. 4 
(1823). Plate IV. figs. 3-8. 

This is another extremely variable species, its height sometimes 
equalling its length. The umbones are very far forward, even 
occasionally overhanging the lunule, which is heart-shaped, as wide 
as high, fiattened and sharidy defined. The surtace of the shell is 
slightly ribbed and strongly reticulated by lines of growth with 
occasional grooves or furrows ; but when t he outer surface is re- . 
moved, a deeply pectinate scul]>turing is exposed without any trans- 
verse lines. The lips arc denticulated, and the hinge is frequently 
well exposed. It is only known from Ulackdown, wliere it seems to 
be a not uncommon shell. X 8by., Geol. Trans. 2nd ser. 

vol. iv. p. 342, pi. xvii. fig. 10., is sup])osed l)y Mr. J)owne8 to be a 
synonym for this species ; but I have not come across the original, 
and no specimen of it exists in any museum to ^\hich 1 have had 
access. The pectinate structure sometimes exposed (PI. IV. fig. (>) 
through decay of the surface doubtless led Dr. Pitton to include 
N. pectinata in his list of Plackdown fossils. 

Subdivision AxoriAi.E ljevigat^i:. 

Gaidt Sp^evies, 

Nijcula GAULTIXA, sp. Tiov. ITatc JIl. figs. 1)-]1, 2(), 27. 

N. impressa, auctorum, of the Gault, non N, hnpnssa, Sby.. from 
Blackdown. 

This is a small triangular somewhat tumid sja cics, with very 
distinctly setjarated, lieart-sha])ed lunule ; emootli and polished, 
finely striated test, crossed by almost invisible ]K.‘Clinate markings, 
and one or more deej) furrows ; nacreous internally with finely den- 
ticulate interior margin As in N. ((nfipiutia^ a ])cctinate structure 
is completely masked by a thick outer shelly covering. The cast 
is smooth, with thu scars ot the adductor muscles veiy iiidistinct, 
and the denticulated margin only visible with a lens. Jt is a much 
smaller spe 9 ies than Sowerby’s lilackdo\\ n N. iinjn'cssa, ith which 
it has so frequently been confound (M, only one H])ccimen out of a 
large number reaching 1() nini. in length by 8 mm. in height, and 
0 mm. in depth. It is also more triangular, more truncated ante- 
riorly, with a less curved and denticulatevl inferior margin and 
larger and more defined lunule. it is an exceedingly abundant 
fossil at Folkestone, though limited a])parcntly to the J.ower (iault. 

A more elongated form with less-defined lunule is very rare, and 
figr^>r^^>7^) ^ species by Dr. Gwyn Jefl'reys. (Ifiate 111. 
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V6t> 


ANOTTLA-T-aE PECTINATE. 


Length. 

mm. 

N, hivirgata 18 

Height. 

mm. 

11 

Depth. 

mm. 

9 

Position 
of umbo. 

701 
100 J 

Angle. 

- 104° 

N, hivirgata,, var. or- 
natisslma 

1 " 

14 

12 

68' 

100 

■ 96° 

N, pectinata 

80 

18 

15 

17' 
100 ! 

■ 10O-105° 

N, pectinata,, var. ] 
creUe J 

[15 

18 

— 

67 ' 
100 J 

- 85'' 


AnGULATJE LiEVIGATJi. 



N, antiquata 

11 

0 

7-8 

90 i 
loo ! 

. 70 ° 

X, gdiiltina (largest 1 
specimens) j 

► 10 

8 

6 

SO 1 
loo 

IX 


Led A, Sclmmachor, 1-^17. 

This ^enus comprises a number of small, oblong, transverse shells, 
rounded antcriorl}^ beaked, and sometimes slightly gaping pos- 
teriorly. The hinge is similar to that of Nunda^ but the shells are 
not nocessarilv nacreous, and the margin is always smooth. For 
the t)urj)oses of the present notes, the nearly allied genera Yoldia^ 
&c., are united with it. They comprise the Cretaceous group of 
Nuculidje described as llosfrakr. by ITOrbigny. 

Xeocomian Bpccies. 

Leda sfurecttkya, Phillips, sp., Gcol. Yorkshire, pi. 2, fig. 11 (1821)). 

Plate V. figs. 24-25. 

No description of the species is given by Philli])s, and the figure 
is almost io(j imperfect to enable it to be identified. There can, 
however, be little doubt as to the well-known recurved species of 
the Speetoii Clay being intended, though the name has since been 
extended to a distinct Gault species. The shell is very inflated, pro- 
duced anteriorly, with moderately defined lunule, deeply furrowed 
or corrugated except at the extremities, and finely striated. The 
umbones are much further forward than in L. jdiaseolina^ from which 
its greater size, far greater depth, and coarser corrugations also 
suffice to distinguish it. 

Th('re are casts from Speeton both in the British Museum and at 
Cambridge, which are probably of this species, though there is no 
conclusive evidence of this. 


Gaidt Species, 

Leda phaseolixa, Micheliii, sp., Mem. Soc. Geol. vol. iii. pL 12, 
fig. (i (18:i(i). Plate III. figs. 22-24 ; PI. Y. figs. 26-20 ? 

This is a small and rather inflated species, somewhat produced. 
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or beak-shaped anteriorly, with subccntral umbones, a moderately 
defined Innular region, and the inferior margin very slightly con- 
stricted. Its surface is deeply striated, except towards the ex- 
tremities, which are smooth. There is no nacreous layer, and it 
occasionally presents remains of colouring in the form of alternating 
pale brown and cream-coloured bands. 

D^Orbigny combines the species with Leila snhrecurva, Phillips, 
from Speeton ; but they are certainly distinct. Michelin’s specimens 
were from the Gault, and the dimensions are stated at Id mm. in 
length, while the longest I have met with in England do not exceed 
1 1 mm. ; it is further characterized as compressed, with central 
umbones and indistinct lunule. 

Since, however, I have only come across, in French collections, 
specimens bearing this name which are in every respect identical with 
those of our own Gault, I think the description may be inaccurate. 
Pictet describes, as L. Nerlcenana, a ver}^ similar but even larger shell, 
18 mm. long, from the Gault of the Perte-du-Ilhdne, distinguishing it 
fiom Michelin s described type chiefly by the mor(> open umbones and 
greater depth of tJie valves, characters which agre^e more with the 
actual French and English specimens which I have seen. It is 
possible that these may bo distinct local varieties ; but I think it 
preferable at present to admit but one Gault species of the ‘‘ L. suh- 
recurva ” type. 

^ It appears in lists of Cambridge fossils : but I have only seen two 
imperfect specimens belonging to Mr. Jesson, which might possibly 
be ref^red to it. Mr. Meyer has shown me im])crfect specimens 
Irorn East Shalford, which render it certain that it, or a similar 
species, is present in the /Vrnr/-hed there; and some casts from 
fepeeton in different collections approximate very closely to it *. It 
ranges through the Lower Gault of Folkestone, and is rarer than 
the other species. 


Blacl-doivn ffj^ecies. 

Leda ltxeata, Shy., sp., in Pitton, Trans. Geol. Soc. 2nd ser. vol. iv. 
p. 312, pi. xvii. fig. 1) (1830). Plate IV. figs. 13-10. 

This species strongly resenibl(‘s L, xidtrevarva^ l)ut is more elongate 
at both extremities and thus skiff-sha})ed. The umhones are less 
central and the lines of growth continued over tljc entire shell. The 
hp is strongly creuated iniernally, a character I have not liitherto 
aetected in L, snhrecarva. Sowerlw s descri])tion of the shell makes 
It elliptical, posterior extremity slightly truncated, a\ ith a short 
point at its upj)er angle; surface transversely striated, with lines 
straighter than the lines of growth, which they consequently cross 
wice. Even with Sowerby’s original sjiecimens before me, 1 am 
not able to detect the latter character, which would indeed form a 
very unusual ornamentation, Jn his most perfect specimen however 
tne growth has been arrested at about midway, the inner region 
ing marked off from the marginal region by a dcic]) constriction 

ijpdistinguishablc from it, and bear in tin? Fril ish Museum 
the MS. names N, mnmperta and N, cordiformis. PI. V. figs. 2(>-29, 
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while the striae are interrupted and subsequently continued on a 
new plan, this interruption having probably led to the description 
above cited. The series from the Bristol Museum, five in all, appears 
a remarkable one ; for another shell is highly distorted and has the 
beak almost overhanging the anterior margin (PL IV. fig. 14). L, 
lineata has been confounded with L. sahn'curva in almost all Creta- 
ceous lists, and Sowerby’s name regarded as a synonym, though the 
differences between the two species or varieties are quite apparent. 
Some casts from the (irey Chalk at Dover indicate the presence of 
this species there. 

Gmdt upecicH, 

Leda Vibrayeana, d'Orb., sp., Pal. Franc., Terr. Cret. vol. iii. p. 172, 
pi. 301, fig. 12-14, 1843. PI. III. figs. 17-18, 23; PI. IV. 
figs. 26-27. 

This is a small ovate rounded shell, not nacreous, of a glossy 
brown colour with irregular lighter bands, and is the most symmetri- 
cal of all the Cretaceous Ledm, the umbom^s l)eing nearly central and 
the lunule inconspicuous. It is exceedingly abundant at Folkestone, 
especially towards the upper i)art of the Lower Gault, and may be 
picked up in quantity on the shore, its bands of colour giving it 
a singularly recent aspect. The average length is but 10 mm., 
though exceptional specimens reach 13 ram. in length, 7 mm. in width, 
and 11 mm. in height. The average dimensions of 70 Cambridge 
specimens sent me by ^Ir. Jesson are larger than those of the 
Folkestone specimens, yet without surpassing the largest of the 
latter*. The muscular impressions and the form of tlic teeth are 
very ill defined on the cast, which I find, upon an examination of the 
specimens at Cambridge, has ])eeii described by Prof. Seeley as N, 
suhelliptica and xV. rha'inh<dclca^. It seems to bo equally common in 
the Gault of the Paris Basin, I)'Or])igny's description making it 
rather more compressed than is found to be the case in measuring 
our own ver}^ perfect s])ecimens. 

A very thin, smooth, and flattened sh(dl is not uncommon in the 
Upper Gault at Folkestone, wliere only single valves occur. It may 
be but a slightly modified form of this species, under different con- 
ditions of preservation. 


Neocomian Species, 

Leda Seeleyi, sp. nov. PI. V. figs. 17-20. 

There is nothing to distinguish this species from L. Vlhrayeana 
unless it be a slightly more flattened form with more rounded and 
obtusely oval extremities. Seeley's name, originally given to L. 
Vlhrayeana of the Cambridge Gault, had fallen into disuse as a 
synonym, but is still attaclied to the tablet of Speeton-clay speci- 
mens in the Woodwardian Museum. It would be inconvenient to 
retain it, oven restricting it to the Neocomian form; and a new 

* A length of 14 Him. is quoted' by Pictet as the average of the Swiss form. 

t Ann. Mag. Nat. Hist. ser. 3, vol. vii. p. 120. 
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^ecific name is necessary, unless the Speeton and the Gault forms 
are to be united. There is a similar shell in the British Museum 
from Atherfield. 


Gault Species, 

Leda Makl®, d'Orb.,8p.,Pal. Fran^., Terr. Cret. vol. iii.p. 169, pi. 301, 
fig. 4~6 (1843). Plate III. figs. 28^29. 

The dimensions of this shell are usually much under those I have 
tabulated. It is skiff-shaped, with the anterior hinge-margin con- 
cave and terminating anteriorly in a more or less produced or 
rounded and obtuse rostrum, while the posterior margin is blunt and 
irregularly rounded and the inferior margin strongly and slightly 
sinuously curved. It is a smaller and much more compressed 
shell than those hitherto described, and, unlikes them, the valves are 
more frequently detached than otherwise. It is striated, except 
towards the extremities, which are smooth, as in L. sitbrtcurva, 
D^Orbigny’s description points to a larger and less compressed shell 
with a less central um])o ; but his specimens show the species to be 
the same. Pictet mentions a length of 14 millims. 

The species is very common in the Lower Gault of Folkestone, and 
appears to pass unchanged into the Folkestone Beds of the Lower 
Greensand and into the Up])er Gault. The variability of the shell 
precludes me from fixing any specific character by which to distin- 
guish it from L. (nufulata, 8by., from Blackdowii ; but it is a more 
elongate and delicate shell, and 1 hardly like to reunite them on the 
present material. 

lUachdoivn Species. 

Leda angtjlata, Sby., sp., Min. Conch, p. 120, pi. 476, fig. 5 (1823), 
Plate lY. figs. 17-10 

There arc no definable characters by whicli this can he distinguished 
from L. Marice, but the latter ap])ears to be more delicate and more 
elongated or rostrated. It is, however, so variable a shell in the 
Gault that some specimens come well within the loi*ni of the Black- 
down types, though the latter seem less compressed and have a slightly 
denticulated margin. To determine* whether sufficient modification 
had taken place during the lapse of time between the deposition of 
the Gault and the Blackdowii beds to have furnislied new specific 
characters, would require a very largo series from tlie latter and an 
acquaintance W'ith the marginal and hinge-characters of the former. 
In the mean time it appears useless to exchange D’Orhigny’s well- 
known name in favour of the nearly obsolete name of Sowerby, and 
by retaining the two names we at least mark the difference in 
horizon and perhaps of sx>ecics. 

Neocomian Species. 

Leda scapiia, d’Orb., sp., Pal. Fran§., Terr. Cret. vol. iii. p. 167, 
pi. 301, figs, 1-3. Plate V. figs. 21-23. 

This shell resembles the Gault sj^ecies, L. Marice^ in the closest 
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possible manner. It is more regular in outline, however, and the 
inferior margin is less sinuous. Prof. Forbes called attention to the 
omission by D’Orbigny of any reference to the striao, which occupy 
precisely the same position as in the Gault species, leaving the two 
extremities smooth . My own specimens from Atbe;’field are small, 
but singularly well preserved. Mr. Meyer has also some larger 
though imperfect specimens : there is a shell from Speeton in the 
Britisli Museum ; and 1 liavo it from near Hunstautoji. A well- 
preserved series might possibly reveal further slight differences, 
though it is quite obvious that L. Mar 'ue^ L. anrfahita^ and A. scapJm 
are merely sliglit modifications of a single true species, and present an 
instance in which the necessity for a trinomial terminology becomes 
especially apparent. 

Its presence at Atherfield has been recorded by Profs. Forbes, 
Fitton, and Morris. 


Neocomht n Sped es . 

Lei)A spAinuLATA, Forbcs, Quart. Journ. Gcol. Soc. vol. i. p. 245, 
pi. 3 fig. 4 (1845), Plate Y. figs. 30-34. 

This species seems to be intermediate between L. smpha and L. 
solea of the Gault. It is somewhat large, elongated, with the poste- 
rior extremity obtusely rounded, and slightly ])roduced or rostrated 
anteriorly. The shell is thin and finely striated and compressed. 
D’Orbigny identitied it with an A])tian .s}>eeies, L. Ihiffahiia, but 
this appears to have been wider ] posteriorly and to have ta])ered 
towards tlie beak, more as in L, t^olea. Pictet mentions specimens 
far exceeding ours in size, and reaching a length of 25 millim. 

It seems by no moans a rare shell, and is mentioned by both Forbes 
and Fitton as occurring at Atherfield. Mr. Meyer has some singu- 
larl}" well-preserved specimens from the Atherfield beds of 8evonoaks, 
and others from the Perna Bed of East tShalford and from Shanklin. 
The Leckenhy collection in the Woodwardian Museum contains it 
from Hpeeton ; and it was met with in abundance in a ejuarry near 
Hunstanton by members oi the (geologists’ Association. ^Specimens 
from the Folkestone Bods noai* Yutlielci. belonging to Mr. Meyer, 
almost indicate the presence there of another species, L. Umfulttfa of 
DDrbigny. A specimen from Speeton in the British Museum bears 
the M8. name L, pandata. 


Lei).\ solra, d’Orb., sp., Pal. Franc., Terr. Cret. vol.iii. p. 170, pi. 304, 
figs. 4-0 (1 843). Plate 1 II. fig. 3o. 

This is by far the most elongated type of Cj’ctaceous Ledi^^ and 
possesses a very thin glossy shell of a brownish colour. It is skiff- 
shaped, the inferior margin is slightly sinuous, the posterior region 
short, with an irregularly rounded margin, the anterior prolonged 
into a rostrum, with sharply truncated extremity, and a slight ridge 
running diagonally from the jimbo to the lower corner of the trun- 
cated end. The whole surface is marked with exceedingly fine 
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BtrUo, It is a little larger, and more compressed, and has more central 
umbonea than B^Orbigny^s description admits, and he does not notice 
the fine striae ; but actual comparison shows that those from English 
and French localities belong to the same species. From its likeness 
to the recent L.Janceolata, Lamarck, it seems probable that it gaped 
at the extremities, and in that case it would fall into H. and A. 
Adams's subgenus Adrana. There does not appear to be any repre- 
sentative of this t3rpe at Blackdown. 


Dimensions tabulated*. 



Length. 

mm. 

Height. 

min. 

Depth. 

mm. 

Position . , 

of umbo. 

L. Vihrayeana 

.. 10 

8 

5 

50 

100 

119*^ 

L. phaseolina 

.. 11 

7 

0 

55 

100 

100^ 

L. snbremrva 

.. 18 

10 

10 

SO ' 
100 

— 

L. ISeeleyi 

.. 10 

i 

() 

50^ 
100 ^ 

— 

L. lineata 

.. 11 

t 

o 

55 ) 
100 1 


L, MaricB 

. • i 


8 

10 ) 
100 1 

145° 

„ largest, . 

.. 11 

0 


40 ' 
100 


L. am/ulata 

. . 

4J 

3 

1 - 

L. seapha 

<s 

4 

3 

40 

loO 

135° 

L. solea 

.. 21 

7 

3 

25 

lifO 

135" 

L. spalhuJatd 

.. IS 

7 

0 

-10' 

1 (Id 

1 35° 


To sum up, it does not appear that tlie Xuculidie Avill ever be of 
great importance as aids to the held geologist or in stratigra])hy. 
Their species seem to have been so slowly modihed tluil the lapse of 
time between one Cretaceous stag(‘ and anotlicr was insufficient in 
most cases to effect any change that can readily bo grasped without 
very close comparison ; and it retjuires cojisiderablc‘ study to convince 
us that the seemingly identical Neocomiaii, Gault, and Blackdown 
species possess characters by A\djich they can with certainty bo 
distinguished. The pectinate forms, however, jnetinata and 
N. blvirrjata, by their very easily recognizable characters and their 

* The dimensions are given in millinietres. .Average specimens are solccted 
as lar ms possible. Tlie jK>sit,i(m ot the umbo is cxpri-ssed in the pcTcentige of 
Uie entire length of tlie slicll at. which it i.s situate from the anterior margin. 

e angles are taken trom I) Orliigny, as I possess no instrument capable of 
mcliicling any so wide. Tlie moasureiiieiits in the last two columns arc not 
omte relmhip • 
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sudden appearance and disappearance, afford data by which, in 
England at least, horizons might be unerringly recognized ; while 
the rest of the Nucxdce and L^oe^ from their great abundance, are 
also not without a certain value in this respect when carefully 
studied. The accompanying lists will at all events show clearly 
what species may be looked for in each of our British Cretaceous 
series, and will render the, at present, exceedingly difficult task of 
determining them a comparatively light cue. 

That portion of this paper which deals with the Neocomian, is, I 
regret to say, the least satisfactory. Only stray specimens seem to 
have been collected, and when all arc united, we possess nothing 
approaching the grand scries that can be brought togetlmr for 
examination fr()m Folkestone, Cambridge, or Blackdown. Add to 
this the very different states in wbicii they are found, that many 
are imbedded in hard rock, and are imperfect, or casts, or com- 
pressed, and it will be seen how relatively unfavourable are the 
conditions for determining their limits of variation. By using 
great care, however, and comparing them again and again, I believe 
results are now arrived at which will be upheld by any future 
investigation. 

Of the group of “ Ovatoc we have apparently four distinct Xeo- 
comian ty])es. Of these iV. seems .almost ubiquitous, ran- 

ging from Speeton to Athcrficld, whilst the range of the remainder 
seems considerable, though scarcely yet ascertained. They may be 
roughly distinguished from each other as follows : — N, planata is 
the most ovate and compressed : jS, ConuieUamt is thicker and more 
subangidar ; N, simji>l(X lias the beak almost overhanging the front 
margin, and is not at all ])roduced anteriorly ; and N. Meyeri is easily 
identified by its tall triangular form and well-defined, heart-shaped lu- 
nule. A jSnruUi isoJ^trhj aa occurs in several British lists : but I have 
not been able to ascertain that it is distinct from the preceding. This 
appears to include all the well-defined species of the continent. The 
group “ Angulata','' it is strange to find, is so far totally unrepre- 
sented in the Cretaceous series of England or France, earlier than 
the Gault. The Leda\ four in number, require, with the exception 
of L. spailiulata, very careful comparison to distinguish them from 
those of the overlying series, but are easily separable from their 
companion si)ecie8 in the same rocks ; the only possibility of con- 
fusion which might arise being perhaps between the young of L. 
spatlndata and L. Hcapha, It is not improbable that further col- 
lecting may bring new species to light in so varied and extensive a 
series of strata as our Neocomian and Aptian, but the complete list 
of those known to me at present is : — 

N. planatii, Desk. L. Seelcyi, Gcirdn, 

N. Oorimeliana., d'Orh. L. subrei'urva, Phillips. 

N. simplex, JJesh. L. scapli;*. d'Orh. 

N. Mcyeii, Gardn. L. spatliulata, Forbes, 

The Gault forms are in such perfect preservation and so tlio- 
roughly well defined from each other that confusion is impossible. 
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except in the rare case of a variety being met with departing 
abnormally from the specific type. The species are : — 

N. ovata, Mant. I N. bivirgata, Shy, 

N. capsaeformiB, Mich, N. gaultina, Gardn. 

N. albensis, dOrh, L. Vibrayeana, d'Orh. 

N. arduennensis, var. pumila, L. phaseolina, Mich. 

Gardn. L. Marias, d*Orh. 

N. pectinata, Shy. L. solea, d'Orh. 

A comparison with lists that have been published, both of the 
Cambridge and Folkestone Gault species, will show that the number 
is here rather reduced than added to. Two new species are added, 
both being exquisitely preserved and abundant little shells, whose 
distinctness, though most obvious, had hitherto remained unrecog- 
nized. 

Many, the majority in fact, of the Gault forms rcapj^ear, slightly 
modified, in the Blackdown Beds, with the notable exception of the 
two forms, N. pectinata and N. bivinjata, which, we have seen, are 
equaUj" unknown in the Neocomian. The forms N. ohtusa and N, 
inipressa of the “ Ovatte are perfectly distinct from each other ; and N, 
aniirpiata can be immediately distinguished by the toothing along its 
margins ; nor is there any fear that the two species of Leda can be 
confused ; for the one is of the “ subrccitrva ” form and the other 
a smaller and sharply beaked skiff-shaped shell. 

The Blackdown species are : — 

JN. inipressa. St)y. L. lineata, Shy. 

N. obtiisa, Shy. L. angulata, i^hy, 

N. antiquata, Shy. 

And for the Chalk : — 

N. pectinata, var. creta3, Gardn. | N. improssa. Shy. 

N. obtusa, Shy. I L. lineata, Shy. 

In the Grey Chalk we have ai)parently Blackdown species, with 
the noteworthy addition of a small form of N. pectinata. Their 
condition, however, does not ])ormit of the minute comparison neces- 
sary to determine them with the same exactitude as other Cretaceous 
species. The White Chalk has proved hitherto singularly barren of 
jN'uculidae, and I have not even met with specimens from the Antrim 
chalk, which is otherwise rich in bivalves and gastropods, so that 
we are wholly without information in the British area as to the 
further development of the genus until the Eocene period. The 
considerable lists of species, however, from the Cretaceous of Lim- 
burg and Aix-la-Chapelle, show that they are by no means absent 
from the newer Cretaceous faunas ; and there is no doubt that further 
collecting in the chalk of Ireland and Scotland would enrich our 
fauna with a few additional species. 

All the Gault species have been examined by Dr. Gwyn Jeffi'eys, 
with the result that he is only able to connect N, impressa among 
the “ Ovatse ” with an existing species, N, niiida of Sowerby, so 
that the remaining types must be regarded as extinct. He remarks 
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that iV. capsceformis rather leans towards Leda, Of the “ 
latee/’ N, 'pectinata seems to have no living representative ; but 
N, hivirgata^ with its beautiful sculpture, is allied to N, hisignis of 
Gould, and iV^. gaultma to N. sulcata of Bronn. Among the Ledoe 
he considers L, pliaseolina to bo allied to L. ahyssicola of M. Sars, 
L, Marice to L. fnigilis of Chemnitz, and L, solea to L. cuspidata of 
Philipi)i. The result of his examination of these and other groups 
of Gault fossils has led him to believe that the depth of the sea in 
which the Lower Gault of Eolkcstoiie was deposited was somewhere 
between 50 and 100 fathoms, though some of the smaller bivalves, 
especially belonging to other genera, are now inhabitants of much 
greater depths. 

The accompanying list is arranged in the manner which, I take it, 
is the most useful to those desirous of naming specimens ; and as it 
is as complete as the material will allow to the present date, it 
would be convenient were no other names attached to specimens 
unless they present clearly marked characters different from those 
described. If read vertically, the lists are separately complete for 
each of the three stages of the Cretaceous system in Britain ; and if 
horizontally, the representative species, or the lines of descent of 
each, can be traced through the three stages. 


. Nucula. 
Group 1. Ovat.t:. 
Ovatce lcBviga f(P. 
Type 

Type - iruprcssa'^ 


Ovatoi TeticulaUe. 

Group 2. Angulai^e. 
Angulatm 2 >cctinaf(E. 

Angxdat(B IcBviguicp. 


Leda. 


Ncocmiian. 


N. plaruita. 

N. Coriiueliana. 
N. simplex. 

N. Meyeri. 


L. Seeley i. 

L. subrecurva. 
L. seapha. 

L. spatliulala. 


Gault. 


N. ovata. 

N. capsaeformis. 

N. albensis. 

N. arduennensis. 
, var. pumila. 

N. pc'Ctiiiata. 

bivirgata. 

N. gaiiltina. 

L. Vibrnyeana. 

L. ])haseoliiia. 

L. Mariai. 

L. solea. 


Upper Gree^isand 
and Greg Chalk. 

I N. obtusa. 

N. impressa. 


N. pectinata, var. 

[cretae. 
N. antiquata. 

L. lineata. 

L. angulata. 


Synonyms or species belonging to other families, to be definitely 
excluded are: — N. jxdcJmx, ISby., and N. xindidata, Sby. (^Necera\ 
N, apxiculata., >!5by., jV. subelUptica, Seeley', and N, rhomhoidea, Seeley 
(synonyms). 


EXPJ.ANATIOI^ OF PLATES III.-V. 

1»LATE ni. 

Figs. 1-3, N. ovata, Mani. 

4, 5. A’. capKcefortnis, Mich. 

G-8. N. albensis, d'Oib. 

9-11, N, gaxiltma, Gardn. 

12-14, N, bivirgata, Sby. Fig. 14. var. omatissima. D’Orb. 


All the specimens on this Plate are in the author’s collection. 
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Kgs. 15, 16. N. pectinataf Sby. 1 

17-18. Leda Vibrayeana, d’Orb. 

19-20. N. arduemiemiSy var. pimila^ d’Orb. , sp^ 

21. Id. enlarged. 

22-24. Leda pha^olhuty Micb. 

• 25. L. Vibrapeana, d’Orb. 

26-27. Nuciila gaidfina, Oardn. 

28, 29. Leda JSlarim, d’Orb. 

30. L, solea, d’Orb. 


Plate IV. 

Blackdoum Fossils. 

Figs. 1, 2. Nucula ohtusa, Sby. Jermjn-Sl. Museum. 

3^. F. miliqnafa , Sbv. Fig. (>. from tlic collection of tbe Revd. W. 

Dowjics, B.A., F.G.S. ; tbe rest from ilie Bristol Museum. 

9-12. i\r. imp>rcssa, Sby. Figs. 9 and 12. fj*om the Bristol Museum, 
figs. 10 and 11, from Br. Downes's collection. 

13-16. Leda Uiicafa. Sin. Bristol Museum. 

17-19. L. angalata, Sbv. Bristol Museum. 


Ca /abridge FosFds 

Figs. 20-22. K. hivirga/a, Sby. 

23. K. ard'Heaneitsis‘i . d’Orb. 

24, 25. alhc'/tsis, d’Orb. 

26, 27. Jjed'd Vihroyeentd , d'Orb. 
28-30. Fiic'iUa ovaia^ Mant. 


Plate V, 

Fig. 1. Niicida planaia, Desb., Atlierfield. Woodwardian Museum. 

2,3. , S])eetou Clay. Woodwardian Museum. 

4. , Redcliff, Isle of Wight. Mr. Meyer. 

5,6. iV. Cor?«o.Z/f/^/c, d’Orb., Tcalby. Woodwardian Museum. 

7, 8. , Atlierfield. Author’s collection. 

9. , Redclilf. Mr. Meyer. 

10. , Ailicrfleld (enlarged). Author’s collection. 

11, 12. N. sim])lca\ Desb., Atlierfield. Author's collection. 

13. , Atlierfield (enlarged). Author’s collection. 

14, 15. F. Meyeri, Oardn., Atlierfield. Author’s collection. 

16. — , Atberfield (enlarged). Authors collection. 

17, 18. Leda SceUyi. Oardn., 8peetoii. Woodwardian Museum. 

19. , 8peeton. British Museum. 

20. , Atlierfield. British Museum. 

21. 22. L. scapha, d’Orb., Atlierfield. Author’s collection. 

23. , Sped on. Woodwardian Museum. 

24, 25. L. sahrecurva, Pliillijis, Sped, on. Woodwardian Museum. 

26. Jsacnla cordiforritis, MS. {“iL. qdiaseoHna'), Speeton. British Museum. 

27, 28, 29. Leda pliaseolwa^ 'i Mich., Speeton. .British Museum. 

30. L. spathiihla, Forbes {L.^Kindata, MS.). British Museum. 

31, 32. . W oodwardian Museum. 

33. . Sevenoalvs. Mr. Meyer. 

34. . Author’s collection. 


* All these are from Mr. Jesson’s collection. 
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Discussion. 

Dr. Gwyn Jeffreys doubted the necessity of forming a separate 
family of Wuculidse. He included them in the Arcidse. He had 
examined the Gault collection of Mr. Gardner, which appeared to 
contain ten times as many species as had already been described 
from that formation. He considered that the Gault Nuculidae 
lived at a depth of from 50 to 100 fathoms, and this view was 
confirmed by the nature of the materials forming the Gault clay. 

Prof. T. jiuPERT Jones said that in many parts the Gault swarms 
with Microzoa, and these seemed to confirm Dr. Gwyn Jeffreys’s 
view that the Gault was formed at a depth of about 100 fathoms. 

The Author thought that the limited area covered by the true Gault 
clays and the presence of coniferous wood and fruit pointed to the 
conclusion that the Gault was an estuarine deposit. Ho believed 
the evidence indicated that the Gault was deposited in a grad\ially 
deepening sea. 


Q.J.G.S. No. 157. 
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cavity, represented by the matrix exjiosed by the breaking away 
of the occipital part of the skull. 

The thin plates of bone bounding the postorbital part of the 
cranium may include parts of the parietals, 7 ', and aJisphenoids. 
There is no trace of an ect opt cry gold. The loss of the occiput is to be 
regretted; hut the mammalian characters in the preserved parts of the 
skull dispense with the confirmatory conclusion of doulde condyles, 
which, however, are common to Ilatrachians as well as Mammals. 

I next pass to the dentition of Tritiflodon. Its condition in 
the fossil indicates the following formula: — ? The 

grinding-surfaces of the upper teeth bespeak the number of the 
lower ones ; but, in the case of the incisors, a single modified 
pair might have been o]^posed, after a leporine fashion, to the 
two pairs above. As in tlie Leporidie also, the six upper may 
have been oi)posed by five lower grinders ; but in Tritylodon the 
upper grinders are implanted by long fangs, two of which are 
external : the molars of Leporidae are rootless. 

As before remarked, the crowns of the front and chief incisors 
are broken off near their sockets. ' Sufficient remains to show a thin 
coat of enamel upon their front and sides: the exposed dentine be- 
hind is scored by vertical striae ; any cement which may have covered 
the striae has perished. The dentine has the usual mammalian com- 
pactness. The size, sectional shape, and relative position of these 
incisors are given in 1^1. Yl. figs. 2, 2>, & ? 1 . The cx]) 0 sed ]>art of the 
pulp-cavity, fig. 2,^>, is of a size suggestive of these incisors having 
enjoyed uninterrui)ted grov th : removal of part of the outer wall 
of the socket of the left incisor sliowed the body of the tooth to be 
continued without diminution througli the premaxillary into the 
maxillary, as in a scalpriform incisor of continuous grow th. Behind 
each of the incisors, with an interval of 2 millims., is the socket of 
a smaller premaxillary tooth, fig. 2, i 2 , of which the remains of a thin 
wall only of the base of the tooth can be traced, enclosing a pulp- 
cavity relatively larger than in the front incisor, but, as in it, filled 
with the reddish matrix. This difference of size of jmlp is due to 
the fracture of the implanted root, and is also suggestive of con- 
tinuous growth of the tooth. After the ridged diastema without 
trace of socket, we come upon a similar mutilated condition of the 
tooth (fig. 2, m 1 ) w^hich is the foremost of a series of six con- 
tiguous grinders. The crown of this tooth is suhtriangular, as 
as seen on this fractured surface, the base turned backward and 
in contact with the next molar, m 2 . This tooth is the foremc>st 
of five similar molars, to w Inch it is very little inferior in size. It 
presents the same subquadrate figure, and shows the external notch 
partiall)’- bisecting the outer side of the tooth (fig. 5) ; its crow^n 
being broken away at the level of the alveolus, the character of 
the part lost is given by the succeeding teeth. In these the crown 
is impressed by a pair of antero-posterior grooves, dividing the 
grinding-surface into three similarly’ disposed ridges, and each ridge 
is subdivided by cross notches into tubercles (fig. 7). Of these, there 
are, in the second to the fourth molar inclusive, four tubercles on 
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the mid ridge, h, three on the inner ridge, c, and two on the outer 
ridge, a. Of the tubercles on the mid ridge, &, the hindmost is 
smaller than the others ; and, in the fourth molar, a minute one 
projects between the bases of the first and second tubercle. There 
is a similarly minute tubercle behind the base of the second normal 
one of the outer coronal ridge. But the number of the tubercles 
which first catches the eye on the middle and internal ridges of 
the crowns of the best-preserved molars is three ’’ : and this has 
suggested the generic name, which must not be interpreted to mean 
that there are but three tubercles on each tooth, but to indicate 
that the tri-tuberciilate pattern prevails, more or less, on each of 
the three ridges of the singularly complex and unique grinding- 
surface of the molars of the present oldest known genus of Mammals. 
The sixth and last molar — last so far as the mutilated condition of 
the post-maxillary part of the skull permits a judgment — is rather 
smaller than the rest, and the sub(juadrato transverse shape of crown 
here inclines to a trihedral shape, with the apex outward. The 
threefold division of the crown is, nevertheless, as strongly marked ; 
but one knob of normal size only is developed on the outer ridge, 
flanked by a minute tubercle on each side of its base. The normal 
tubercles of the mid and inner ridges are two in number; the larger one 
on the inner ridge repeats or comjdetes the transverse array of three. 

In an outer side view (Plate VI. figs. 3 & 5) these molars, from 
the second to the fiftli inclusive, present a bilobed character ; the 
anterior tubercle is reduced to the basal cusp in the sixth molar. 
The inner or mesial side of the 2-5 molars gives a trilobate outline, 
fig. 0. I subjoin views of the best-preserved, third, right-side 
molar, enlarged three diameters, showing its outer, 5, inner «, and 
masticating, r, surfaces, the characters of which, in my odontological 
experience, are unique. 

If reference be made to the (Jth Volume, 2nd series, of the ‘ Trans- 
actions ’ of our Society, p. 203, pi. xxi., the enlarged view, fig. 4, of 
the upper molars, grinding-surface, of Hijmcoilieriiim leporinum 
may suggest a resemblance to those of Tritplodon. But the middle 
multicuspid ridge is represented by only two small tubercles, and 
both the outer and inner risings of ihe crown arc also limited to two 
tubercles. Moreover it will be noticed that such degree of approach 
to the grinding-pattern in Tritylodon is restricted to the three true 
molars characteristic of the placental Ungulates. The repetition of 
the multicuspidate character in five consecutive grinders recalls the 
lower marsupial numerical type of dentition {Thylacotherium, e. g.). 
I^evertheless m i & m 2 may bo “ premolars.” 

In the further course of comparisons, I have found the nearest ap- 
proach to the masticating character of Tritylodon in teeth of MammEds 
of equal, or nearly equal antiquity. These evidences are afforded by 
two extinct genera. The first, from the Keuper of Diederloch, consist 
of teeth or a tooth-crown, on which the discoverer, Plieninger, in 
1847, founded his genus Microlestes *. Teeth of like character 

^ * Jahreshefte des Vereinsflir vaterlandische'Natiirkunde in Wurtteinberg,* 
8vo, Bd. ii. p. 164, Taf. i. figs. 3 & 4. 
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discovered by our late Fellow-member, Mr, Charles Moore, in a 
bone-bed at Holwell, Somersetshire, are referred to, and are now 
accepted, as of a like geological age, the “ Rhaetic.^’ 

I reproduce three of the figures, somewhat enlarged (Plate VI. 
8, 9, 10), of these teeth. They are molars, and the two fore-and-aft 
ridges of their grinding-surface are divided into a number of small 
tubercles * ; these, like the ridges, run in the same antcro-posterior 
direction as in the tuberculate ridges of the upper molars of Tri- 
tylodon. 

Not any teeth of Tertiary or existing Mammals, known to me, 
show the multituberculate character of fore-and-aft ridges or raised 
portions of the grinding-surface ; the nearest approach is presented 
by members of the lower lissencephaloiis and l}'enceplialoiis groups 
{(Jhiroptera^ Insectivoray Bodentia^ Marsiipudia) \ but the tui)erclcs 
are fewer in number, relatively larger, and tlu' lengthwise arrange- 
ment of both knobs and ridges is wanting. 

Another extinct mammalian genus, with molars of the same mas- 
ticatory proportions as in Trilylodon^ has been discovc'red in the 
Oolitic slate of Oxfordshire ; it was descril)ed under tlie generic 
name Stereoynatlins by Mr. Charlcsworth t. The te(‘t h were included 
in a portion of jaw, referred to a mandibular ramus, and two of 
them showed the characters of the grinding-surface. This uniquf* 
fossil was kindly submitted to me, and the bost-i)res('rv(‘d innlar 1 
described as “ of a quadrate form, of very litth‘ heiulit. and supp(»rr- 
ing six subequal cusps in three pairs, each pair lading tiioiy' close h- 
connected in the antcro-post(rior direction of tht' Tooth tlian ti'ans- 
yersoly ^ t, ^le dental generic; distinction is shown in the miiioi- 
subdivision of the summits of the ridg(‘s : but tli(‘ir miml)er and 
course are the same ; “the crown of these molars miglit l)e described 
as supporting three parallel antero-posterior ridges : hut each rid^e 
in fStereoynaiJius develojies but two tubercles 

Now, this is the character more definitely ex])ressed by the antero- 
posterior series of cusps in the quadrate upper molars of Tritylodon: 
its lower molars may show a nearcT resc^mblaiice to those of 
Stereognntlivs. 

The dental characters of Tritylodon are thus repeated in extinct 
genera of Secondary periods, but are repeated, apart, in distinct 
genera. 

Microlestes shows the antero-posterior ridges of its multitubercu- 
late molars (Plate VI. figs. 8-10) ; but such ridges are limited to two 
in number. 


fU be inner side of tbe tooth is indicated by the more prominent part of 
the wall, which IS divided into three tubercles ; the outer side by the lower waU 
with indications of subdivision into smaller and more ninnorous tubercles” 
tbe Fossil Remains of Australian Mammals, with a 
figs ^ ^intisb Mesozoic Marsupials.’ 4io, vol. i. p. 6, plate i. 

t Quart. Journ. Geol. Soc. vol. xiii. (1857), p. 1, pi. i. 
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Stereognathus repeats the three parallel antero-posterior ridges ; 
but the tubercles on each ridge are limited to tyo in number. 

In Tritylodon^ these characters are combined. 

Such testimony was, I confess, a relief to me ; for my experience 
of the air-breathing Vertebrates of the old Secondary formations of 
South Africa had been, throughout its great extent, so uniform 
in respect of their limitation to the cold-blooded series, that I hesi- 
tated, at first view of the subject of the present paper, to acknow- 
ledge it as, in the scale of life, so far above the series of fossils with 
which it was associated. The more obvious characters of cranial 
structure and of dentition, even in the comparatively undeveloped state 
of the fossil skull, could only be interpreted, however, as in the 
foregoing details. 

The mammalian characters of Tritylodon may be briefly summed 
as : — Dentition of scalpriform incisors divided by a long interval from 
a series of broad-crowned tuberculate molars, implanted by distinct 
roots (fig. 3, mn), showing end of growth (the Leporida> and some 
other mammalian genera have rootless grinders) ; no trace of 
provision for succession of teeth ; osteology of skull, as above de- 
scribed, showing mammalian conformity with the characters of the 
dentition. 

Having obtained the sanction of Dr. Exton, I took our experienced 
mason, Mr. Dario w, into council, instructed him as to the portions 
of the fossil which might be safely subjected to his skill, and the 
result is the specimen which I have now the honour to submit, with 
an interpretation of its characters, to the Geological Society. 

DESCRIPTION OF PLATE VI. 

Fig. 1. Upper view of ilie skull of Trift/lodo7i : nat. size. 

2. Under view of the same : ditto. 

II. Side view of the same : ditto. 

4. Front view of nasal end of the sanie: ditto. 

5. Outer side view of right fourth upper molar of Tritylodon ; three 

times the nat. size. 

6. Inner side view of the same : ditto. 

7. Grinding-surface of the same : ditto. 

8. Outer side view of an upper molar of Microlesten Moorei : ditto. 

9. Grinding-surface of the same molar : ditto. 

K). Grinding-surface of an upper molar of Microlestes rhcBticus : ditto, 
n. Grinding- surface of a molar of Stereognathua ooliticus ; ditto. 

(Figs. 9-11 have been drawn at right angles to fig. 7.) 

Discussion. 

The President remarked upon the singularity of the form of the 
skull and of its dentition, and on the great interest of the com- 
munication. 

Mr. Lydekker said that the interest of this specimen rested in 
the romarkabl}" difi’erentiated character of the dentition. The only 
groups it would seem to be connected with are the Marsupials and 
the Eodents. The high specualization is most remarkable, and it 
does not seem to throw any light on the common origin of the 
existing groups of Mammalia. 
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Dr. Exton said that, as Curator of the Museum at Bloemfontein, 
many very interesting forms came under his notice. The specimen 
was found with Batrachian fossils of Triassic genera, and the matrix 
was quite similar in each case. In association with the species 
was a Ceratodm^ a form found in the Triassic rocks of India. The 
fossils wore found within a radius of 50 or 60 miles. 

Prof. T. Etjpeet Jones said that Messrs. Wylie, Dunn, and Green 
had separated the Upper beds of the Triassic Series in South 
Africa from the Karoo beds under the name of the Stormberg beds. 
The Karoo beds contain Dicynodont remains. In the Stormberg 
beds reptilian remains occur, but without Dicynodonts. The fossil 
appeared to have come from the Stormberg beds, and was therefore 
within the great Triassic formation of South Africa. Palaeoniscoid 
fishes had been found in the Karoo beds, and an allied form in the 
Stormberg beds, and these may possibly indicate a Permian age 
for the beds ; but the balance of the evidence was in favour of 
the Triassic ago of the fossil. 

Mr. Blanpord said that in Africa, Australia, and India a great 
series of beds, without marine fossils, had been found, the age of 
which was chiefly based on the uncertain evidence of plants and 
land or freshwater vertebrates. He thought it unwise to call the 
fossil in question Triassic. The beds in India which contain Cera- 
todus are now considered post-Triassic, and the genus is still living. 
He deprecated too hasty conclusions as to the age of the beds from 
the evidence of plants and terrestrial fossils. 

The Author said all agreed with him that the skull is Mamma- 
lian. As to the question whether it is Marsupial or not, the size of 
the brain, so far as it could be determined, pointed to Marsupial 
analogies. The characters of the lacrymal foramen pointed in the 
opposite direction. The double incisors were paralleled in certain 
Eodents {Leporidcp) and among the Marsupials in Fhascolomys ; in 
Macropodidcp they are ; but in most of that order they are more 
numerous than in Placentals. The molars, by the number of the 
“true” ones, reminded one rather of the marsupial than of the 
placental forms. The nearest analogies to these molars in pattern 
of grinding-surface were found in the extinct genera Microlestes and 
Stereognathus. 
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6. On the Cranial and Vertebral Characters of the Crocodilian 
Genus Plesiosuchus, Oiven. By Sir Kichard Owen, K.C.B., 
F.E.S., F.G.S., &c. (Bead November 21, 1883.) 

In the ‘ Preliminary Eemarks ’ to the palaeontology of the Croco- 
dilian Beptiles, Cuvier urges the need of a precise determination of 
the generic characters, with regard to which ho writes, “observations, 
however novel, lose all their merit, unless they rest on this basis ” 

He proceeds to exemplify the apophthegm by descriptions which 
have never been surpassed of new and interesting species of extinct 
Beptiles, especially Crocodilian, which he shows to have been erro- 
neously referred to other previously defined genera. 

Cuvier refrained from attaching generic names, distinct from 
those of his “ subgenera ” of existing Crocodiles, to the extinct forms 
of which his keen and careful observations had detected characters 
since generally admitted to merit such distinction, and of which a 
contemporary availed himself. 

The characters which Cuvier defines as forming for the Crocodiles 
a “ very natural genus ” t are now recognized as defining an ordinal 
group of the class BeptiliaJ. But of this group he admits and 
names “ Subgenera, and to their distinctive characters he devotes 
special “ Sections,’’ as, for example, “ P, Especes do Caymans ” 
(p. 30) ; “ IP, Especes de Crocodiles ” (p. 42) ; “ III", Especes do 
Gavials ” (p. 59). Our Catalogues accordingly admit these groups of 
Crocodiua, under the generic names Alligator, Crocodilus, Gavialu, 

In the Section III, “ Sur les Ossemens Fossil ks de Crocodiles,” 
the vertebral, dental, and narial characters of the extinct species are 
defined, and those of the “ Secondary ” or “ Mesozoic ” formations 
' ^re of higher value than he assigns to his recent “ Subgenera but 
he forbears to invent special terms for the extinct groups so differ- 
entiated. Ho even expresses a doubt whether the fossils from the 
Whitby Lias described by Stukely (1718) and by Chapman (1758) 
should be admitted among his wide group “ les Crocodiles and 
the doubt would .b<^ reasonable if the species so associated formed a 
series of only generic value. However, the Liassic fossils are 
admitted in the Crocodilian chapter of the “ Ossemens Fossiles,’ 
and their distinctive characters in relation to existing groups are 
pointed out with the author’s usual clearness. 

The Crocodilian remains from the later calcareous schists of 
Monheim, from the Oolitic stones of Caen, Havre and Honfleur, are 
described as kinds of “ Gavial”§ ; those from the Weald of Sussex, 

^ “ Les vues les plus iiouvelles perdent presque tout leur nitrite quand 
elles sont depourvues de cet uppui.” ‘ Ossemens Fossiles,’ tom. v. pt. ii. p. 14 : 
4to, 1824. ^ 

t “ Un genre tres naturel.” Id. ib. p. 20. 

J ‘ OiiocoDiLiA ’ auett. ; Loricata, Merrem ; Emydosauria, Blainville. 

§ Of the vertebrae of his “ Gavial de Caen,” he expressly states, H a ses 
deux faces tres-Bgerement concaves, et son milieu r6tr6ci.” 

“ O’est la, comme en voit, un caract6re fort different de celui des Crocodiles 
vivans, ob toutes les faces post^rieures sont tres-con vexes, et les ant6rieures 
tres-concaves.” Tom. cit. p. 137. 
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the Chalk of Meudon, the Lignites of Provence, and the Tertiaries 
of Sheppey, Argenton, and Brentford, are described as kinds of 
“ Crocodile.” 

We owe thanks to Cuvier’s contemporarj^ though he added 
nothing to the palaeontological characters, tor the generic terms 
which later accessions to the Crocodilian cohort have found so 
useful. 

In the “ Divers Memoires sur de Grands Sauriens ” * GeofFroy St.- 
Hilaire observes : — “ I end this first Lecture by premising that of 
the objects represented in plate vii. of the ‘Ossemens Fossiles’ 
there are only applicable to Teleosannis the subjects of figures 1, 

3, 4, 5, 10, 11, 1 2, 1 4, and 17. The other objects (figs. 0, 7 , JS, 0, and 
13, 15, 16) came from a more distant locality, ^ Quilly they belong 
to another species, referable to another genus which I have already 
determined and named : — I shall treat of tliem, subsequently, under 
the denomination of Stenemaurus.' 

GeoflProy recognized that the Oolitic Crocodilian from (hiilly made 
a nearer approach to the Gavial than did the Jaassic Teleosaur. 
The beak was relatively shorter and the external nostril less 
terminal. “ It has not, ” he rightly remarks, “ ti skull so long and 
slender as in Teleosanrtts, but longer and more slender than in 
GavialisJ^ 

Of the relative ‘‘ narrowness of the temporal region, the extremely 
large crotaphite foramina, the lofty sagitt.al crest, and the lateral 
orbits” no mention is made as distinguishing Sinitomnnis from 
Teleosaurys : it needs only a reference to the plate vii., above cited, 
and to the subjects of the figures 1 , 2, and 3 in that jdate, to see 
that they are Teleosaurian characters, but characters which that 
genus has in common with SteHeoscnirxis. 

These quotations and remarks are premised in suj)j)ort of a 
rejection of a Kimmeridgian fossil Crocodilian from Geofiroy s 
genus, to which it has been referred, as /^teneosemrus JiJattselii, 
Hulke f . 

But I am, mainty, induced to submit this correction in order to 
show the characters by which the more recent Mesozoic Crocodilian 
has acquired certain agreements with, and ap])roximation8 to, the 
cranial pro])ortion8 and construction characteristic of the majority 
of Tertiary and existing s})ecies. 

A resemblance to the modern genera Cvocodihis and AUu/afor is 
manifested in the proportions of length and breadth of the antorbital 
part of the skull ; whilst the difference from the Mesozoic genera 
Teleosaurus and Steneosnurus with gavialic proportions of the skull, 

* ‘ M6rnoire lu a I’Acad^mie Koyale des Sciences, le 4 Octobre, 1830 see 
also “ Recherclies sur 1’ organisation des Gavials” in ‘ Memoires du Museum 
d’Histoire Naturelle,’ tom. xii. pp. 148, 140 (1823). 

t Hulke, Quart. Journ. Geol. Soc. vol. xxvi. 1870, p. 1()7. “A closer exami- 
nation lately made by Mr. Davies, Sen., of the fossils presented to the British 
Museum last year by J. C.'Marisel, Esq., has led to the identification of a 
large crocodilian head ” — “covered with matrix, this head had been previously 
put aside as Pliosaurian,” loc. cit. p. 107. That this collection included 
Pliosaurian remains is true ; but that the crocodilian skull was referred by any 
authority of mine to the Sauropterygia is incorrect. 
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is more definitely exemplified by the extension of the nasal bones 
(see plate ix. vol. xxvi. Quart. Journal, 1870, p. 172) to the outer 
or anterior nostril : and the difierence from is increased 

by the smaller number of teeth — 15 on each side of the upper jaw 
— than has been noted in any existing species of Alligator or 
Crocodile proper. 

Cuvier assigns to the latter genus 19 teeth on each side of the 
upper jaw ; and to the Alligators 19 or 20 teeth in the upper jaw. 
In both genera the teeth are signalized as of unequal size. But 
this proportional character is absent in the fossil skull now in the 
exhibited series of the British Museum of Natural History, when 
tested by the size of the series of sockets and by the absence of the 
premaxillo-maxillary constrictions shown in the species {Crocodilus 
vulgarh and Croc, acutus) which the fossil most resembles in the shape 
of the skull. A more important character of difference, in the 
comparison with Tertiary and existing Crocodilia, is shown by 
portions of vertebrae attached by matrix to the skull and of size 
corresponding thereto ; it is presented by the articular surfaces of 
the centrum, whicli deviate little from flatness, and that in the 
direction of concavity. One of these vertebrae includes, with a 
groat part of the centrum, the neural arch and spine ; the latter 
shows its obtuse free termination. The total height of the vertebra 
is 9 inches ; that of the neural arch, spine inclusive, is ()| inches, 
the neural s})inc being 4 inches in length. The frontal bones 
converge forwards to a point ten inches distant from the premaxillai*}’ 
ai)ex of the skull : the nasal bones, gradually narrow to a point 
penetrating the hind border of the nostril, as showm in figure 2 of 
the plate ix. (Quart. J^mrnal, 1870) above cited. 

Cuvier had shown in all the evidences of fossil Crocodilia from 
the quarries of Oolitic stone in the vicinity of Caen, in which the 
conformation of the outer or anterior nostril was demonstrable, that 
it was bounded exclusively by the premaxillary bones, the nasals end- 
ing in a point between the maxillaries (fig. 1, n, p. 156), and at some 
distance from the prcmaxillaries and from the nostril which those 
bones exclusively bounded In this he pointed out their resem- 
blance to the modern Gharrials, as well as in the length and slen- 
derness of the upper jaw. A difference of aspect in the outer 
nostril was also indicated by these fossils, from which was inferred 
their specific difference t. 

Geoffroy, in his Memoirs on these Crocodilian Fossils t, connoted 
such distinctions by generic names ; but their chief value in relation 
to the present pajjer consists in the characters which he gives and illus- 
trates of the fossils which he separated from those to which he gave the 
name of Tehosaurus, to represent, or form types of the genus to which 
he applied the name of Steneosaunis, Cuvier had associated reduced, 
but accurate and instructive, views of the original fossils of both 

* ‘ Ossemens Fossiles,’ 4to, 1822, tom. v. pt. 2. 
t Id. ib. p. 134. 

I “ Divers M^moires sur des Grands Sauriens, &c.’* Lu a rAcad4inie RoyaLe 
des Sciences, le 4 Octobre, 1830. 
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genera in one plate, distinguishing them in the descriptive letter- 
press by their respective localities. Upon this, Geoffroy offered the 
remarks already quoted (p. 154). 

Fig. 2. — Palatal surface of 
Shnll of Stenoosaurus, 
from Cuviers fy, 8. 


Fig.Jjl. — Upper surface of 
^JSead of Steneosaums, 
from Cuvier s jup 13. 



Point of nasal bones. 
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Of the figures which he selects as illustrative of his genus Steneo- 
saurus, I append copies of figures 8 and 13. The latter (fig. 1) 
represents the upper surface of the best preserved fossil skull, one 
twelfth x)f the natural size ; Cuvier^s fig. 8 (fig. 2) represents the 
palatal surface, one fourth the natural size. Geofifroy recognizes in 
the narial character, n-, and proportions of the skull, that his Oolitic 
JSteneosaurus made a nearer approach to the Gavial than did the 
Liassic Teleosaurus, he remarks, “has not a skull so 

long and slender as in Teleosaurus^ but longer and more slender than 
in Gavudis ” ; and this character is exemplified in the Cuvierian 
figures, copied from the plate above cited. They may be compared 
with the upper and under views of the Crocodilian skull from 
Kimmeridge Hay, Dorset, given in figures 2 and 1 , in plate ix. of 
the volume of our ‘ Quarterly Journal ’ above cited. The mere 
rectification of a generic name would not have been deemed sufficient 
ground for this trespass on the attention of the Geological Society ; 
nevertheless, in pursuance of my official duty of labelling accurately 
the specimens arranged for public inspection in the present ‘ Museum 
of Natural History,’ the substitution of Plesiosuchiis Mauselii, Ow., 
for Steneosaurus ManseWi., Hulke, requires an exposition of the 
grounds ; and a stronger motive for submitting them to the Geolo- 
gical Society is the interesting relation of the nearer approach to 
Tertiary Crocodilian cranial characters which is made by the pro- 
portions of the skull with the conformation of the anterior nostril, of 
the fossil from a ^lesozoic formation nearer our own time than that 
which yielded Cuvier and (Tcoffroy their evidences of the Teleosaurian 
and Steneosaurian extinct species. 

The frontal bones nf Plesiosuchus converge to a point ten inches 
distant from the premaxillary apex of the skull. The nasal bones 
gradually narrow to a point penetrating the hind border of the 
nostril *. This opening is ovoid, three inches and a half in length, 
three inches in greatest breadth. The premaxillaries meet and join 
an inch and a half anterior to the horizontal nostril. 

The transition to Tertiary and existing Crocodiles is manifested 
by the proportions of the skull and of the teeth ; but these, in the 
degree of general equality of size, are Gavial-hke, while in relative 
size and paucity of number, in Plesiosuchus^ they show the Croco- 
dilian character in excess. There is no trace of an alveolar pit in 
the upper jaw for the reception of a lower canine as in the Alli- 
gators, nor of any lateral notch for such a tooth as in the Crocodiles. 
The general equality" of size in the tooth-crowns seems a remnant 
of the earlier Mesozoic dental character ; but the number of teeth 
is even less than in any known Crocodile or Alligator. I add a 
brief definition of the generic formulae, applicable, respectively, to 
Ste'iieosau7'US and Plesiosuchus : — 

Genus Bteneosaurus^ Gooff. Vertebrae platycoolian ; nasals not 

* “Les intermnxillaires, a, a (fig. 1, 2, 3), entourent les narines extemes, 
excepts un en droit fort 6troit ou la pointe des os nasaux, A, A, se place entre 
eux.” “ Determination des os de la tete dans les Crocodiles proprement ffits.’^ 
‘ Ossemene Fossiles/ v. pt. ii. pp. 69, 71. 
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extending to the outer nostril ; jaws long, slender, with numerous 
small, sharp-pointed teeth (fig. i). 

Genus Flesiosuchas^ Owen. Yertebree platycoclian ; nasals extending 
to the outer nostril ; jaws short, stout, with few large teeth ( fig. 3, 2 ). 
(The terms “ numerous ” and “small,” “ few ” and “large ” relate 
to the Crocodilian series.) 

In connexion with the annectant or transitional characters of 
Plmosuchus^ already referred to, I may finally remark, that the 
gist of Geoffrey’s ‘ Memoires ’ of both 1825 and 1830 was to inter- 
pret the Cuvierian facts according to the Lamarckian ‘ Evolutional 
Hypothesis of Species’ with modification of its dynamics. This 
hypothesis Geoffrey adopts in the following terms : — “ La formation 
successive et leur evolution dans le cours des ages.” He then pro- 
ceeds : — “ Je montrerai des formes remplacees insensiblement par 
d’autres, quin’auraient pu s’accommoder de I’ancien ordre deschoses; ” 
in other words the “ battle of life ” was against them. 

Eeflecting on the palaeontologist who guided his course in science 
“jpar de fails positifs,’' Geoffrey affirms “ qu’il renonce ^ ce qu’il 
y a de plus vif, de plus enivrant, ot de plus philosophique dans la 
vie des sciences.” — “ Les modifications insensibles d’un siecle a un 
autre finissent par s’aj outer et so reunissent en une somme quel- 
conque. 8i ces modifications amenent des effets nuisibles, les 
animaux qui les eprouvent cessent d’exister, pour etre remplaces 
par d’autres, avec des formes un peu changeos, et changeos a la 
convenance des circonstancos Geoffrey’s fourth Memoire is en- 
titled “ Le degre d’influence du moiido ambiant pour modifier les 
formes animales.” 

Under this conviction Geoifroy rejoiced to seethe transitional step, 
though short, which the extinct Oolitic Crocodile of Quilly, his 
Steneosaurus^ made towards the modern Gharrial. Still more exultant 
would have been his reception of the form here described of an 
advance, in a Secondary formation nearer our times, beyond the long 
and slender-beaked i^rimitive Mesozoic forms to the shorter and 
broader cranial organization of the widely distributed Crocodilia 
represented by the existing genera of that order of Eoptilos. 

Disctjssiox. 

The Pbesident said that both he and E. Heslongscharaps had 
arrived at the same conclusions as those announced by Sir Richard 
Owen as to the Crocodilian affinities of the Kimmeridgian fossils. The 
greatest confusion had arisen with regard to the genus Steneosaurus, 
He found that the Kimmeridgo fossil agreed in certain respects with 
the definition of the genus by Geoffrey, and he thought it preferable 
to employ the old name rather than to invent a new one. 

The Attthob said that in the Oolitic CrocodTes the vertebrm are 
amphiccslian, in the Tertiary ones they are united by ball and sockets ; 
in an intervening formation proportions of the modern crocodilian 
skuU are combined with amphica 3 liaii vortebrie. The discovery of 
a form intermediate in age and transitional in form between Steneo- 
saurus and Crocodihts had an interesting bearing on Geoffroy’s often 
expressed views on evolution. 
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7. On some Postglacial Eatines in the Chalk Wolds of Lincoln- 
shire. Ey A. J. Jukes-Browne, Esq., B.A., F.G.S. (Head 
December 5, 1883.) 

[Communicated by permission of tbe Director-General of the Geological 

Siirvej*.] 

In a paper recently read before this Society I pointed out that the 
disposition of the Bonlder-clays (Purple and Hessle series) along the 
eastern border of tlie Chalk Wolds enables us to determine the rela- 
tive age of the valleys which intersect the hills, and proves that some 
of them are older and some newer than the formation of those Clays. 

Most of the larger and wider valleys are occui)ied by deposits of 
glacial clay and gravel, which are continuous with the main mass or 
sheet of these beds lying to the eastward, and are, in fact, mere arms 
or prolongations of that sheet ; it is clear therefore that all such valleys 
are of anterior date and must have existed prior to the formation of 
the East-Lincolnshire Boulder-clays. It would not be safe, however, 
to call them Pmjlacud., because these particular Boulder-clays are 
believed to be tlie latest glacial beds in England, and therefore the 
valleys may be leally of Interglacial age. On the other hand such 
valleys or ])ortions of valleys as can be proved to have come into 
existence aft er the formation of these Clays may safely be termed 
Postglacial in the most rigid acce])tation of that term, and may 
consequently be regarded as some of the most recently formed valleys 
in the British Isles. 

There are several short valleys, from one to three miles in length, 
which open eastward on to the Boulder-clay plain, which are probably 
of Postglacial date ; for the boundary line of the Boulder-clay passes 
straight across their mouths ; no tongues of clay arc thrust westward 
into these valleys, which are completely free from any trace of glacial 
deposits. Some of these valleys are narrow and ravine-like, but 
others are wider, and in the latter case there is nothing about them 
which would distinguish them from the older valleys occupied by 
glacial deposits. 

Much more interesting cases occur in the course of some of the 
older valleys where the original watercourse has been so blocked up 
with drift-deposits that, in the process of reexcavation, the stream 
has found it easier to cut a new channel for itself through the solid 
chalk than to remove the obstacle in front of it. It is some of these 
cases which I proi)ose to describe in the following notes. 

1. Stvahy Vale, near Alford . — The first instance I observed was in 
the course of a tributary to the Calceby Beck (see map and descrip- 
tion in Q. J. Cr. S. xxxix. p. 600). The valley of the Calceby Beck 
is filled from end to end with glacial deposits, through which the 
modern stream finds its way without anywhere cutting down to its 
ancient bed in the Chalk. !N^ear the village of Swaby, on the IN'.W. 
side of this valley, there are large mounds of glacial clay and gravel 
which completely block up the course of a tributary coming in from 
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the north. This little stream, instead of continuing its southerly 
course, turns abruptly to the cast and enters a narrow ravine exca- 
vated out of the Chalk, which extends for a distance of about half a 
mile and then opens into the main valley opposite the village of 
South Thoresby (see fig. 1). 

Fig. 1 . — Plan of the country near Swaby. (Scale 1 inch to a mile. 
The ground occupied by Drift is indicated by diagonal shading.) 



The sudden change in the form of the valley below Swaby|is 
very striking. Above the village, the valley -bottom is some 15b 
yards wide, and the valley-sides have the usual gently sloping 
outline of chalk hills. Below the village the valley is contracted to 
a trench-like ravine, the bottom of which is perhaps 40 yards wide, 
and its sides rise in steep slopes, the angle being in many places that 
of chalk debris ( viz. 35'"-3c5^). 

The wider and older valley is actually continued southward 
through the village for some distance, the barrier of drift being about 
400 yards beyond the point where the stream turns aside to enter 
the ravine. This modern continuation of the watercourse is clearly 
therefore a new cut made through the solid mass of chalk, which 
originally formed one Hank of the ancient valley. 

It would seem that on the cessation of glacial conditions the 
stream was able to oceux^y its former valley as far as Swaby, but 
being there ponded back it made its way over a col in the chalk hills 
, which was lower than the surface of the drift barrier, and having 
once taken this course it would naturally maintain and deepen the 
new channel, forming the ravine above described. 

The glacial clays and gravels also occupy for some distance the 
valley of another tributary which joins the Calceby Beck south of 
Swaby. This stream also has cut into the chalk and runs in a small 
ravine for a distance of about three furlongs ; but it is only just out- 
side the limits of the drift area and is not so striking as the valley 
first described. 

There can be little doubt that the ancient courses of the two 
brooks are concealed beneath the glacial deposits ; they probably 
united somewhere near Swaby church, and thence the combined 
Q. J. G. S. No. 157. M 
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waters flowed south-eastward to join the main stream in the 
Calceby valley. 

2. Valleys near Louth , — Two other similar cases occur in the 
neighbourhood of Louth. The Wolds here (see plan, fig. 2) are inter- 
sected by two ancient valley-systems, both of which are largely occu- 
pied by drift ; and in neither case does the modern watercourse 
coincide entirely with the line of the ancient valley. 


Fig. 2,'^Plan of the Valleys near Loulh, (Settle 1 inch to a mile. 
Drift indicated as in fig. 1.) 



The main stream of the river Ludd takes its rise from sitriiigs 
near the village of Welton, about miles wt*6t of Louth. For about 
a mile this strcjim runs in the ancient valley over a bottom of Doulder- 
clay ; but although the (»ld valley still continues eastward as a well- 
marked hollow, the modern stream turns suddenly southward and 
enters a narrow winding ravine, the sides of wliicli are far too steej) for 
the plough, and have in consequence been laid out as])lantalions. Tliis 
ravine has a length of about thre(* quarters of a mile, and then oj)ens 
into a broad<T valley running eastward and joining the old main 
valley at a ])oint about one mile and a (juarter v est of iiouth church. 
A tongue of Doulder-clay runs up this b]*oad valley for about half 
a mile, i>roving it to have been a tributary of tlic ancient main 
valley ; the stream therefore has hero made a new cut, three quarters 
of a mile long, from the main valley into one of its tribuUirics, and 
thence'its course coincides witli the continuation of the ancient valley 
in which the town of Louth now stands. 

The narrow wooded ravine above mentioned is known as Welton 
Yale, and is one of the sights of the neighbourhood of Louth. Its 
depth at the southern entrance is about 00 feet, and tlie sudden 
change from the ordinary scenery of oiion chalk valleys to a steep- 
sided ravine which has more the aspect of a Derbyshire or Yorkshire 
vale, is very remarkable. The clear beck rippling over its stony bed, 
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and the winding valley with its wooded sides sloping steeply up from 
the water, are features which one is not accustomed to associate with 
hills and valleys in Chalk districts. 

Another remarkable ravine near Louth has been formed in the same 
way. The valleys of the small becks which descend from Tathwell 
and With call respectively are filled with Boulder-clay * ; they unite 
near Hallington, and thence the drift-filled valley continues eastward 
and leads out of the Wolds a short distance south of Louth (see fig. 2). 
The modem stream, however, deserts this ancient valley at a point 
about tliree quarters of a mile E.N.E. of Hallington ; curving to the 
north and passing through a deep gorge similar to those already de- 
scribed, it joins the Ludd near Thorpe Hall, about half a mile west 
of Louth. 

The ground thus cut through by the stream is some of the highest 
near Louth, and is known as Hubbards Hill, while the depth of the 
ravine in the centre cannot be far short of 1 00 feet. To an observer 
standing on the Bouldcr-cla}' in the continuation of the old valley, 
which is only some 20 feet above tlie bed of the stream, and looking 
northward into the mouth of the gorge wliich the stream has cut for 
itself through the chalk hills, the course of the stream seems most 
remarkable; and the origin of the ravine is utterly inexplicable 
except on the hypothesis that the pre-existent valley was once filled 
with Boulder-clay up to the level of the hill- tops, and that during 
the ])rocess of re-excavation the beck found it easier to make a 
passage northward over the Chalk than eastward through the mounds 
of Boulder-clay. 

3. Volleys near Caisfor-- The third locality where siiUilar ravines 
of l\)stglacial origin have been observed is the neighbourhood of 
Hatcliffe, a small village in the Wolds about 6 miles E. of Caistor. 
Here tliere arc no less than four new cuts through the Chalk in differ- 
ent parts of one valley -system (see ])lan, fig. 3). 


Eig. 3 . — Plan of the valley near Hatcliffe. (Scale and shading 
as before.) 



See map in Quart. Journ. Geol. Soc. xxxix. p. 600. 
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The pre-existing valleys seem to hare been filled with drift forced 
into them from the north or north-east ; that to the south of Hatolifib 
is blocked with immense mounds of gravel, sand, loam, and Boulder- 
clay, so mingled that it is impossible to separate them completely on 
the Survey map. These glacial deposits form a broad tract filling 
the ancient valley and extending to within half a mile of Thorganby, 
where they end in a sort of natural ampitheatro formed by the 
closing in of the chalk hills. 

Through a narrow gap in these hills the modern stream makes 
its way, and thence flows northward for about half a mile over a 
Boulder-clay flat, till it suddenly bends N.W. and enters a mag- 
nificent raAine excavated through the hill wliich forms .the left 
flank of the ancient valley. The slo}>cs of this ravine ar(‘, as usual, 
planted with fir trees, and the Avhole scene, when viewed from one 
of the curves in the valley, presents quite an Al])ine ajipearance. 
The depth of the gorge about its centrd part cannot be less than 
100 feet, and in one place on the outside of the last cur\*e. where the 
stream would act "with the greatest force, a vertical cliff ap})e{irs 
to have existed, the upper part of this still remaining as a ))are face 
of chalk, while its foot is liiiried in a long talus-slope of fallen 
debris. Fig. 4 is a section across this part of the ravine, and 
though drawn from an estimate by eye only, and not from actual 
measurement, it may he taken as being a fairly accurate* view as 
regards width and angle of slo])c. 


Fig. 4. — fSi'Ctiou ((crosa ravine o f l/atrliff^f . 



^ hmcTgingirom this ravine, the stream enters a much broader valley 
just, 1, slow a great mound of Boulder-clay which has blocked up the 
di amage and caused theformation of a suuill lake caillod Croxhv Bond, 
pie occurrence of this Boulder-clay proves the valley in ii hich the 
pke lies to have been coexistent with the main drift-filled valley to 
t, ‘ and a httlo lower down a hollow filled with Boulder- 

wT little 

valleiSu^SafcIff® *^0 ancient 

trihutarj? ""giaally separated the main voUey from its 

beKr^i"^ in the old valleys, the modem 

beck has made a second cut through the low Chalk hills which jut 
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out beyond the point where the two older valleys united. This 
second cut is not nearly so deep or so striking as the first, but has 
the same trench-like character, and is about half a mile long, emerging 
at last into the old pre-existent valley at the village of Hatchffe. 
Hence its course coincides with that of the ancient valley for the 
distance of about a mile, the stream flowing to the N.E. through a flat 
alluvial level, which is underlain and flanked by Boulder-clay. At 
the end of this reach the hollow of the ancient valley turns abruptly 
to the but the modern stream continues its north-easterly 

course directly through the opposing Chalk ridge, forming a third 
ravine precisely like the others, only loss winding, and with a length of 
nearly half a mile. Emerging from this at Hatclilfe Mill, the stream 
pursues a tame and unimpeded course through the undulating plain of 
Boulder-olay which intervenes between the Chalk Wolds and the 
marsh land of the seaboard. 

We have now described three out of the four Postglacial valleys near 
Hatcliffe. The fourth is in connexion with anotlier ancient valley 
tributary to that above mentioned, and coming down from Wold 
Newton and Kaveudale to join the former near the old Manor House 
five furlongs below Hatclitt'e. This also is tilled with Boulder-clay 
from end to end : but in its case the Postglacial beck has been able 
to re-excavate a channel through the Boulder-clay which occupies 
its ancient valley. There is ])roof, however, that it was not able to 
effect this completely in the first instance ; for at a point about three 
furlongs N.W. of the ruins of West Itavendale church the Chalk 
hills forming the west side of the valley are breached by just such 
another ravine as those above described. Its course is a double 
scrpentin(i curve, its total length just half a mile, and it emerges into 
the Hatelifl'e valley a little south of the village, the road from Haven- 
dale to Hatelifie being conducted along its bottom. 

It seems clear therefore that at one epoch during the Postglacial 
erosion the llavcndalc brook ran through this ravine, but was 
subsequently enabled to revert to the course of the pre-existent 
valley. In this it was doubtless assisted by the action of the rain 
draining off the steep slopes on either side of the old valley north of 
West Havendale ; the eastern side of this part of the valley seems to 
have been the steeper, and the junction of Chalk and Boulder-clay, 
where the latter was banked up against the former, would become a 
line of least resistance along which the rivulet resulting from the rain- 
drainage would naturally take its course ; the channel thus com- 
menced would be deepened until in some time of flood the Havendale 
Beck was directed into it. This course once taken would be main- 
tained, and the brook now runs at the foot of the steep Chalk bank 
with a Boulder- clay slope on the western side. 

Conclusion , — A few words in conclusion arc needful to explain 
the conditious under which the brooks seem to have acted ; and in 
order to picture these, it is not necessary to subscribe to any theory 
of the origin of Boulder-clays. W e have only to accept their existence, 
and the mapping of the country proves that, whether formed by land- 
ice or shore-ice, the Hed and Purple Clays were banked up in mass 
against the eastern edge of the W olds and spread over their eastern 
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border for a breadth of about three miles, covering hill and dale alike 
in one continuous sheet. Ko traces of these clays have been found 
along the western ridges of the Wolds, though near the eastern 
border they run up to a height of 480 feet, a height which is only 
exceeded by the highest hills near Caistor. 

Whatever was the original extension of these deposits, it may safely 
be assumed that after the glacial conditions had passed away, and 
when more normal climatal conditions had returned, the eastern bor- 
der of the Wolds wsis completely invested with a mantle of Boulder- 
clay, covering the highest hills as well as filling the deepest valleys. 
From the fact that the streams have in so many instances rooccupied 
the j)re-existcnt valleys, I infer that the surface of this mantle of 
Boulder-clay was by no means level, but tliat though naturally 
thicker in the hollows than on the hill-tops, it to a great extent 
dra])ed the features of the former surface, and that the rain-streams 
were ilierefore naturally directed into the hollows of the pre-existent 
valleys. 

It was only, then, at points in these valleys where the drift 
happened to be heaped up in especially massive mounds that the 
stream was forced to tala^ a difierent course, and to excavate an 
entirely new channel for itself outside the limits of the old valley. 
In every case the waters were probably ponded back, and a lake was 
formed (as at Croxby), the level of which rose till it overflowed the 
lip of the enclosing basin where that li]) was lowest. 

It is probable that in our climate the mechanical w ear of rain 
removes the material of clay more rapidly than its chemical action 
removes the material of lim(\stone. In Lincolnshire it certainly 
seems as if the Boulder-clays had w asted more rajadly under pluvial 
influences than the Chalk ; consequently the tops of the barriers 
which have caused the di\'ersion of the streams are now in most cases 
lower than the Chalk hills through w^hich the raviiu'S have been cut. 

In the olden days of geology, wdicn cataclysmic ideas prevailed, 
“ some convulsion of nature ” would have been the simple and easy 
method of accounting for such valleys : and ])erha])s even at the 
present day more than one observer might regard them as in some 
manner due to the pre-existence of faults and fissures. It may be 
well therefore to state that, though the Chalk is everjwvhere broken 
by small faults or sli])s of a few fei^l throw% such as might be 
caused by the upheaval of a mass resting upon a foundation of 
sand, yet no strong faults w^ere detected anyw’here in the neigh- 
bourhood of these valleys ; certainly none exist wdiich bring soft 
and hard rocks into contact, for the Challv is all hard. Further, 
such lines of fracture are seldom or never so serj)entine as is the 
course of these ravines. 

It is the simplicity of the general geology of the district which 
makes the alteration in the course of the streams so very striking, 
and enables the geologist to trace the connexion betw een cause and 
effect wdth greater ease than in other cases ; so that the ravines 
abo^'c described may be regarded as among the most remarkable and 
interesting instances of river-erosion to be met with in England. 
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8. On Streptelasma Ecemeri, a new Coral from the Wenlock 
Shale. By Prof. P. Martin Dtjncan, M.B. (Lond.), P.R.S., 
V.--P. Greol. Soc. (Bead January 24, 1883.) 

[Plate VII.] 

Very numerous specimens of simple Corals belonging to the Eugosa 
were found in the washed Wenlock Shale prepared by (1. Maw, Esq., 
P\(jr.S. Amongst them arc forms which have not hitherto been 
described, but which arc allied to a species from Girvan. They 
belong to the genus Sirrptelasmd^ Hall, and are specifically distinct 
from any others. As the variability of some parts of these Corals is 
great, and there are some interesting points about their morphology', 

1 have brought them before the 8ociety in this communication. 

Streptelasma E(emeri, sp. nov. Plate VII. figs. ]-18. 

The corallum is simple, free, reversely conical in shape, slightly 
bent and horn-like, sharp at the base, longer than broad, and with a 
circular or elliptical calicular margin. 

The calice is widely open, shallow, and has a central depression 
leading to a more or less distinct fossula. About fifty costoo covei* 
the corallum, and they are subecjual in breadth, slightly rounded, 
and separated by linear depressions. Their length difiers according 
to their position and direction, and there are four sets of them : 
three on the convex side of the bent corallum and partly on the 
flanks, and one on the concave side and partly on the flanks 
(figs. 4, 5, 6). 

Of the three sets on the convex side, one is composed of two 
costm jdaced side by side, and reaching from the base to the calice 
in a. vortical lin(\ They are usually slightly larger than the other 
costae, and arc very distinct and parallel (fig. 5). There is another 
set on either side of these. Each of these sets con.sists of teji 
costa?, which pass obli(|uely from the outer edge of the vertical pair 
upwards and outuuirds, and reach in succession the calicular margin 
(fig. 4). The longest costa? leave the vertical pair close to the base, 
and the shorti?st close to the calice, and tlic othei\s at intermediate 
distances. 'Jlie result is a pinnate arrangement. 

The vshortest costa?, and three, four, or five that follow, arc deci- 
dedly obli(|ue in their direction ; but the longest, which are of course 
found fit about a qutidrfint of the calicular circle from the vertical 
pair, are liarely oblique ; their direction is nearly vertical, and 
they reach the base. 

The fourth set of costm is on the concave side of the bend of the 
corallum and on the flanks (fig. 6) ; it is more numerous than the 
others combined, and the direction is not identical. The longest costse 
of this set are opposite the vertical on the other side of the 
corallum, and refich from calico to base, but they are not very if 
at all distinct from the others of this set, except in their vortical 
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direction. No costsc pass from these vertical ones, but they com- 
mence at the calicular margin and pass downwards and outwards, 
impinging, one after the other, on the edges of the longest and nearly 
vertical and outermost costae of the sets which are pinnate on the 
vertical pair on either side (fig. 6). The most ol)li(|ue costaa 
of the fourth set soon reach those against which they impinge and 
are short ; and with increasing length the rest of the costjc diminish 
in the obliquity of their course, and become at last nearly parallel 
with those which are along the median line on the concave side. 
Hence the costoo of the fourth set are semi])inuate on the limiting 
pinnate costa of the second and third sets on either side of the 
corallum at the quadrants of the margin. This double pinnation 
produces a very remarkable ornamentation, which, although a few 
more costa3 may be introduced, is invariable. 

The costae may have a plain outer surface, or they may be covered 
here and there, with a close cross-ridging resembling a very delicate 
epitheca, but it is inseparable from tlie costal structures (fig. 0). 
In a few instances the cosiue ar(‘ rather more prominent than in the 
type. 

Finally, as regards the outside of the corallum, it is marked 
more or less by feeble growtb-swellings and transverse contractions 
4 ). 

Seen in the calico the septa are distinct, stout, curved at their 
free upper margin, often bilol)od, and variable in their length and 
direction around the fossa and fossula. Those which reach far in- 
wards and bound or enter the central or axial fossa ai’o about 
twenty-five in number ; and there is one (and sometimes there are 
two) longer than th(‘ others. A variable number of small septa 
exist, and they are placed between ail or only a few of the larger. 
The fossula may or may not correspond with tlie vertical ])air of 
costOD •, and when it is fairly developed the long septum is usually 
opposite (fig. 1); or there may l)e no fossula, and in its stead two 
long opposite septa. When the fossula is well develoijed it may be 
bounded by well-developed septa, and may contain one, or oven 
two, smaller septa (fig. 7 ), • a long one being sometimes between 
them. The direction of the septa on the calicc is not universally 
ra^al, for in one half— and that which is remote from the vertical 
pair of costm — a pinnate arranpment in relation to a largo septum 
is very constant. No union of the ends of the septa is visible at the 
calice ; they do not transgress upon the surface of the fossa ; and 
they may be flat, concave, and marked with a slight projection. 

Iwo conditions of growth of the Bej)ta and costa) are noticed; in 
one the septa are continuous with the centre of theres])cctive coJtse ; 
and in the other the intercostal s])acc fits into the median line of 
the septum (fig. 8). AVhen transverse sections arc made with the 
view of studying the septa, very different appearances arc presented 
irom those observed in the calices : and the sections made just below 
tae calice and midway down, dififer remarkably in their illustration 
01 the septal arrangement. 

The principal differences are, that in the sections made below the 
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calico the septa unite in groups at their inner ends, and bound the 
axial fossa with a more or less dense structure (figs. 1, 12) ; that 
this structure is continued here and there across the fossa (fig. 15) ; , 
and that the smaller septa may be very generally absent or uni- 
versally present. The usual arrangement is for the long septum to 
remain unattached to others, and the rest join their neighbours 
at the free end (figs. 13, 14). Often the septa are in groups of 
three, a central one being free and overlai)ped by those on either 
side. The septa are rarely straight, and curve slightly here and 
there. 

Longitudinal sections indicate that the septa are made up of solid 
laminae, which increase in thickness at the inner end where junction 
occurs with other sei)ta , and that those junction-processes, grouped 
around the fossa, transgress here and there on its area, and form a 
kind of false columella (figs. 1, 11, 15). 

The amount of disscpimental structure is very small and variable. 
A few small cuiwed and short dissepiments occur between a few 
septa near the wall, and they are best seen in weathered specimens, 
stretching from septum to septum. Xo tabuhe stretch across and 
close in the corallum beloW' entirely ; and small centi-al tabula^, are 
not observed in some specimens, whilst a very few exist in others 
(fig. 10). A large septum may reach a tabula and have a groove 
around it there, whilst the inner ends of all the larger septa may 
join the tabula. This is exce])ti()nal, however (fig. 14). 

The coral is usually free, and when the contrary condition is 
noticed the adhesion was by the side of the sharp base, and a cica- 
trix remains. Growth occurs in a very remarkable manner, and, 
starting when about a millimetre in lengtli with fine, light, pretty 
regularly spaced septa (fig. 18 ), the coral grows in height and 
breadth. Growth in this last direction necessitates a gradual en- 
largement of the diameter of the calice and a corresponding increase 
in the costal and septal number. 

The increase takes place in four regions of the peripher}\ The 
vertical pair of costm, and those on the other side of the corallum, 
simpl}^ grow in height : but there is a steady increase of successive 
costm on either side of where tlie vertical pair join the calice, and 
also where the most oblique of the costoc of the concave side join 
the longest of the costm pinnate to the vertical pair (fig. 1, at 
/ & a;, also fig. 1 1). 

At the very base are about ten costae ; but the vertical pair, which 
are very distinct, have only one septum between them ; there is 
one opposite to it on the other side, and three others on both sides. 
These eight septa, which are rather stout, converge and unite in a 
central mass. 

The theca can hardly be said to exist, and the solid structure 
beyond the broad bases of the septa merges into costal structure, 
the whole being composed of a sclercnchyma which is fibrous- 
looking. The structures which resemble epitheca are clearly mural 
in office, and are not to be distinguished from those of the theca. 
Calicular gemmation occurs in some instances. 
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Tho heigHt of the specimeiis is from | to | inch, and the breetdth 
^ of the calice is from to ^ inch. 

^ Locality n Wenlock 8hale ; common. 


Bemarlcs. The yariability of the septal arrangement in different 
specimens in which that of the costoc is constant is very striking ; 
moreover, the vertical j)air of costa), and those at the lateral quad- 
rants of the calicular marginal circle, vary in a most irregular 
manner in their relation to the fossula, to large and small septa, 
and to the septal pinnation. 

In some individuals the vertical pair of costm at the calicular 
margin are at the fossula, and then the long soj)tum is o})po8ite, 
and the pinnate half of the calicos commences at the quadrants (w). 
This is the normal condition ; but it is by no means constant. 
For a long septum may replace the fossula, or the whole 8e])tal 
arrangement may bo out of its normal condition, and there is no 
relation between the vertical ])air of (*ostie and s])ecial so])ta (fig. 14 ). 

Again, the thickness of the wall varies : in some it resembles an 
epitheca, and in others it is a stout union of septal and costal bases 
with intermediate tissue. 

Tho relation of the intercostal space to tin* median line of the 
septum, seen in several instaiices. is very interesting (tig. <>). It is 
rare in corals usually, but it is se(>n very constantly in Australian 
Cainozoic Aj)orosa. The develo]>ment of tlie se])tum occurs from 
the sides of a median plane of coijiieclive tissue in these instances, 
and this tissue must have been (;ontiiiuous with the epitheca out- 
side the coralliim. 


Ordinarily the relation of costa and scjduiu is that the latter is 
continuous with the tormer, and then there is no eunncAion between 
the mesenteries and the (‘Atramural soft ])arts (tiirs. 7 ). 

The cos'tiilation and the so})tal arraiigeiiKMit (d’ the s])ecies connect 
it with the genus of Hall; Imt it is slightly aberrant 
on account of the defective oblortncss of the sf'ptal ends and thc‘ 
presence usually of a well-marked fossula in the calice. lint the 
method of se])tal junction, the jiresence of the rod-Jike, tissue of the 
false columella, and the rarity of dissepiiaeiital structures, all seen 
m the species, arc very charact eristic of this genus. 

^ Compared with etn'ojHunn of Jidnu^r^’, the now form 

IS noticed to differ on uceouiit of its septal fossula and extremely 
aeiective tabula? and disseinments. The number of tlie se])ta and 
their arrangement, and tin; ]>reseiice of tlie V(?ry distinct douhh? 
piimatioii of the costfe and ol the vertical jiair an* very distinctive. 

^ Ihe genus Avas hriefly and hardly sufficimitly diagiios(?d by Hall 
in his mapificent ‘Tala-ontology of Xew York' (1847, vol. i p. 17) 
and he relied too mucli upon the value of the oldort sejital ends in 
classification. Hihie- Edwards and Jules Hairne introduced 

he genus into their ‘ II istoire Xaturdle des Coralliaires ’ (vol. iii. 

consider the twisted septa of generic im- 
lortance, as it is a weU-loiowm character of some 8peci(?& of Cyalho- 
* Silurische Fauna von Sadewitz, p. 10. pi. iv. % \,aj, (1801). 
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phyllum ; but they insisted upon the generic value of the absence 
of epithoca, and relied upon the feeble development of the dissepi- 
ments and tabulm. 

We owe the first notice of the occurrence of the genus in Great 
Britain to Messrs. Nicholson and Etheridge, who describe species 
and carefully consider the generic characters of Streptelasma in their 
valuable work on ‘ The Silurian Fossils of the Girvan District ’ 
(p. 67). They amend the generic diagnosis, and show that the 
differentiation must rely upon the union of the inner ends of the 
septa to form a false columella, and upon the feeble amount of 
endothecal tissue I agree wdth these authors in every important 
particular, and admire their careful and elaborate work verj- much. 
Any difference of opinion which may occur bct^^'een us relates 
rather to terminology than to matters of fact. 

The structure of the theca or wall of the liugosa, and its homo- 
logies with the theca or epitheca of the Aporosa and Perforata, have 
been fertile subjects for discussion. Messrs. Nicholson and Etheridge 
write, “ Epitheca well developed. Proper wall doubtfully present, 
but a thick false wall, formed by the fusion of the l>road outer ends 
of the septa with iiitermcdiate calcareous deposit ’’ (op. p. 67). 
There is no doul)t that the wall in many ilugosa and in Streptelasma 
resembles an e])itheca in its external appearance, and it is not 
separable from a su])jacent structure like a theca. The delicate 
transverse lines of ornamentation are exactly like those of many 
species of Aporosa, whore there is a structure separable from the true 
WJill or theca, and which is called ojutheca. They resemble, however, 
those ornamental lines seen on species of Zaplin nUs, where a thickish 
mural structure is covered here and there with what resembles an 
epitheca closely. 

In the Aporosa the wall is certainly formed by an extension of 
sejital structures, and it appears after the septa in the embryonic 
state ; and the epitheca, a most variable structure, is developed after 
the wall, for it often covers costae and their spines. It often appears 
to be j)roducod l)y a basal tissue which reaches up to near the calice. 
But in some Aporosa (in some s])eeies of FlahcUuni, for instance) 
the epitheca is pellicular, and forms an intrinsic part of the wall. 
Again, in Fhymastrmi the ejuthecal processes, distinct enough in 
some parts, blond with the true thecal structures elsewhere. 

For purposes of classification the epitheca is comparatively of only 
specific or subgeneric value ; and it would lead to confusion, unless 
there were hotter reasons for so doing than now present themselves, 
to employ the term c])itheca for th(H'a. 

Again, the ridges and furrows on the outside of Streptelasma are 
plainly the analogues of the costae and intercostal spaces of the true 
Corals, and should be thus termed. 

In the instances where the costtd interspace or groove corresponds 

* In the drawing oi' Strevfcla.^ma eiiropmf 'ni, by F. Romer, the tabular struc- 
tures are extraordinarily ctevel o od, and tiie septa curve right over the axis. 
Probably there is an error ; for it is not easy to see how the succession could 
occur. 
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with the median line of a septum, the mural character of the outside 
structures is quite evident. 

Messrs. Nicholson and Etheridge remove the genus Streptiia^ma 
from the Cyathophyllidoc into the Zaplirentida?. I quite agree with 
their able arguments ; and it is clear that the costulation ot‘ the 
forms mentioned in this communication strengthens their views ; 
for a single pinriation is to bo observed in some species of Zaphn utisy 
and the straight costae are then seen in relation with the septal 
fossula. 

The new species should be placed at the end of the Strcptelasmata ; 
and it approaches the simple llugosa with uninterrupted in terse j)tal 
loculi. Probably the Upper Silurian is the highest horizon on which 
the Streptelasmata will be found, and the genus nourished in the 
Lower Silurian in America. 

Note, January 1884. — Lindstrdm, in his ‘ Index to the Generic 
Names applied to the Corals of the Palieozoic Formation,’ Stockholm, 
1883, gives Ptycliophyllumy Ed. & H., 1850, as synonymous with 
Str^telasma, Now the diagnosis of Ptychophyllum is as follows : — 
“Corallum simple, pedicellate, mainly constituted by a series of 
superimposed subinfundibuliform tabulm (planchcrs), and whose 
surface presents numerous septal rays tolerably equally developed ; 
these rays are strongly twisted near the centre of the tabula', so as 
to form a false columella ” (Hist. Nat. des Corall. vol iii. p. 399, 
1860). Certainly there is a very eonsidcra])le distinction between 
the two genera ; and I retain the original genus as diagnosed 
by Hall, with a slight modification. The close similarity of costal 
structure in HadrophyUum couiemn and Zaphreniis Candezi of 
C. Earrois (species from the Devonian of the Asturias and Galicia, 
Spain), and in Streptekimm limm riy is evident. 


EXPLANATION OF PLATE Yll. 

Fig. 1. A transverse section of Hfrcpirlas,nn Puenirri, Duncan, made close 
below thecalice; /derutotlie p^isition of the vertical j>air of cost® ; 
0 of the costa; of the opposite side ; tlic position where the costfie 
change their direction (magnified). 

2. The innall septa whicli sometimes hound the fossula in transverse section, 
showing their relation to the (‘(ista;. There are three eosttc and 
two septa, and the costae to the ri^^ht are the vert ical pair, one being 
without a septum and corresponding to the fossula (magnified). 

o. Two smalior septa oounding the luHsuia and oorrcHjxmding to the ver- 
tical pair of costa; (magnified ). 

4. Corallum slightly magmificcl, showing the calice, septa, and the cost® ; 
note the vertical pair and tlie others on cither side and their direc- 
tion. 

o. The ^stae (magnified) ; the vertical pair are seen, and the others ioining 
them at difl'erent angles. ^ 

6. Side view of a corallum (niagnific;d) ; /is at tlie position of the vortical 

7 an ^ where tlie costa* clmnge their direction. 

/. Ihc two central septa relate to the vertical pair of costa* and are in a 
ossula which is bounded by the two larger septa ; a rudiinentarv 
septum has appeared (magnified). * 
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Fig. 8. Intercostal spaces continuous with the median lines of septa (magni- 
fied). Barely observed. 

jQ* J Oalices (slightly magnified). 

11. Transverse section low down in a coral (magnified). 

12. Transverse section high up in the same cor5 (ma^ified). 

13. Transverse section in another coral, low down, showing junction of 

septal ends (magnified). 

14. Section showing large septum ending in the midst of a tabula (mag- 

nified). 

15. Section showing septa crossing the axial space (magnified). 

IG. A longitudinal section showing faint tabula* (slightly magnified). 

17. Septa ending in the columella ; longitudinal section (magnified). 

18. Section of the base: the lines denote the position of the vertical pair of 

costee. 


Drscussiois". 

The Chairman (I)r. J. Gwyn Jeffreys) referred to the difference 
of generic names used by palaeontologists and zoologists. 

Prof. Neeley agreed with the I’resident in thinking that all 
palaeontological work should he based on zoology. 

Dr. IIiNDE remarked on the curious fact that the same coral, as 
interpreted by Dr. Duncan, showed different septal arrangements, 
such as might belong to different genera, at different heights in the 
calice. He asked on what grounds the form was placed in the 
genus 

The ArTHOR, in reply to the Chairman, said that the true Palaeo- 
zoic corals are really of ver}’ different types from the ATesozoic and 
recent ones. He stated that Streptelasma occurs in the Lower 
Silurian in America, but in the Ui)per Silurian in England. He 
stated also that some specK*s of Str€j[)tdasma present the characters 
assigned to the genus by Hall, namely, the convolution of the septa 
around the axis of the calice. 
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9. On Cyathophtllum Pletcheki, Ed. ^ i/., sp., from the Wenlock 
Shale, with B-emaeks on the Geo tip to which it belongs. By 
Prof. P. Maetin Duncan, M.B. (Lond.), P.B.S., Y.-P. Geol. Soc, 
(Bead January 24, 1883.) 

This coral occurs in the Wenlock shale, and the specimens are small 
and not numerous ; those whi(‘h are now under consideration conic 
from Mr. G. Maw's sliale-workinirs. 

Tho forms are young, and have a doei) ealice with septa barely 
projecting ; there is a A'ery perfect epi theca, and there are traces 
of costm beneath it and of crossbar-like slructnres ]>etween tlunn. 
There are no synapticulie between the sejita, and a talnda closes in 
the calice below. 

The species is one of those wliich were associated by MM. 
Milne-Edwards and Jules Haime with tlu' Fungidic, under th<i 
genus PalcBocydus, in l.>ol. They remained thus included until 

1807. , ^ 

In the ‘ Philosophical Transactions’ of the Iloyal Society^', lS(i7, 
p. ()5i, pi. xxxii. tigs. a criticism (»f the genus Pahvocychfii 

was published by me, and it was demonstrat'd from sja'cnnens and 
sections that the species included in it by ^IM. Milne- Edwards and 
Jules Haime C(»uid not bi< associated n itli tlu' Fungidm. 

The necessity for examining into the minute structure of the 
Pidmocycli came from the discovery of a Tertiary coral in Australia, 
which, from its shape, its possessing syna])ticuhe, and the absence of 
endothecal dissepiments was clearly a Fungid and a PoUNK’yclos'^, 
To believe in the dtiscent without modification of a coral from the 
Silurian to the Australian Cainozoic was improbable, and sections 
were therefore made of a series of P<d(vocydi. It was stated in the 
essay (p. bol ), that ‘‘ tlie absence of synaptic.nhe was ])rov(td, as was 
also the presence of an inclined dissepimental endotheca at the sides, 
and of tahulm in the centre of the corallites.’’ 

Then the cause of the error of the distinguished French zoologists, 
to whom the observer owed all his kiiowhalgc, was explained, and 
the essay concluded as follows : — 

“The removal of the genus Pdiceocydm from the family of the 
Fungidic is necessary, and it is very evident that the species classified 

* P. M. Duncan ‘‘On iJui genera Jictcro/jky/tia, Uatterstjyia, VaUeocyduH^ and 
A.4eroi<tailiai^ Pliil. Trans. 18(>7. 

t Ann. & Mag. Js^at. Jlist. »S(>pt. 18tiT, pi. vi. tig. 2. Milaschewitsch, in liia 
‘ Die Korallen dor iS’attlu'iiijor Soljieliien,’ ii. Abth«‘il. p. lilO, writes, in relaiian 
to certain PuiigidfiD, ‘‘ Dio zweite aber gelinrt zii don Kiigoseii, wi(> das bereits 
durch Duncan und TviiiUh nacligcwic.sen wunU^.” Jlcrr Kunlb’s relegation of 
Palci'ocydu!^ to tlie Rugosa oi^curred some years after tlu^ publication of my 
essay and drawings, aiid lie added nothing new to wliatr was well known. Kunt'h 
wrote in 1801). 
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under it belong to two divisions of the family CyathophyllidsB. The 
Cyathophyllidee with large tabulae and short septa have been sepa- 
rated from the genus Cyathojphyllum, whose species have the septa . 
passing to the axis of the corallum, and have been arranged under 
the genus Oampojihyllum, Ed. & H. ; but it is too specific a distinc- 
tion to bo of generic value. It is therefore proposed to place all the 
species of Falceocyclus in the genus CyathophyllumF 

The genus Falceocyclus may therefore be abolished altogether, 
and its species be named as follows: — 

1. Cyathopbyllum porpita, Linn6, Cyathopbyllum Fletcberi, Ed. 

sp. ff' H., sp. 

2. praeacutum, Lonsdale, st). 4. Edwardsi (P. rugosus, Ed. 

The third report (1S71) on the British Fossil Corals alludes to 
the absorption of Falmocyclus by Oyathophyllam. 

The finding of the species 0. Fletcheri in the Wenlock-shale 
workings occurred during an investigation, the results of which have 
been published by another Hociety, into the nature of the syuiapticula? 
of Fu 7 ifjia, a genus of Fungidse, and I was t;om})ted to go over my 
work again, and to reconsider my opinion that the corals placed by 
MM. Milne-Edwards and Jules Hainie in the Fungida3, and called 
by the generic name of Falmwyclus, were rugose corals. 

The calico of such a type as the species named O. porpita is very 
open and shallow, and the sei)ta are very visildc. jSTow they are 
separate and do not ever unite by their sides, after the fashion of 
simple Fungidm, but they have decided swellings on their sides 
which dip down and line the flanks of each septum down to the 
base. 

A section made longitudinally through the corallum shows these 
swellings to be a number of moi'o or less vertical and slightly curved 
continuous lines on either side of each septum. They extend from 
the free upper margin of the se])tum to near the ]>ase. 

Omitting all reference to other structures, it is evident to those who 
have studied the S 3 ma])ticuLe of a recent Fnnr/ia, that the distin- 
guished French zoophytologists were not without some reason in their 
classificatiou. But it is clear to me now, as it was in 18()7, that 
these curved ridges did not meet in the interseptal loculi, and all 
the sections prove that there was no fusing or connexion in any way 
after the manner of synapticube. With regard to the other struc- 
tures, sections show that the axial space is bounded below by a 
dense wall-like structure, whi(?h is imperforate ; 1 have not seen 
any tabiihe beneath t he floor of the calice in the species Fotpita ; 
and I disagree mth those i)alaionto]ogi8ts who jiersist in retaining 
the name Fahrocyclus to express a Silurian Fungid. 

There are dissepiments betweeji the septa close to the axial space. 

In the other species of the group, taking that species named 
0. rugosum (my Edwardsi) as the type, the ornamentation closely 
resembles that of the species just mentioned, except that the septa 
arc less beaded. Sections prove that they have tabula), and of 
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considerable relative size, besides a vesicular endotheca near the 
wall between the septa. 

Under these circumstances there is no reason for altering the 
classificatory position in which I placed these corals in 1867. 

January 1884. — Immediately after this communication was 
read I received Lindstrom’s interesting paper on the Operculum- 
bearing Corals read before the Swedish Academy, Sept. 13, 1882. It 
required very careful consideration. Later on 1 received Lindstrom’s 
Index to the generic names applied to the Corals of the Palaeozoic 
Formation, and as it contained a statement in relation to Pala^ocyclua 
which required investigation, it necessitated further delay. 

In the first-mentioned essay there is a list of synonyms of one of 
the Palc^ocydi^ my Cyathophyllurn Fletcherl^ Ed. & H., sp., which 
shows that no less than thirteen genera &c. may be associated with 
it, and that it may have twenty-two specific titles I ! Since I wrote 
on the necessity of placing Pahtonidusm Cyaihophylhnn, the genus 
has been called CampophffUum^ IJaliojJitfllam^ PlioUdoiiiliylliim^ 
Acanthomnium^ Tmriocyathvs^ Acantliocydus^ and even Acanthodes, 
Seven authors have worked at the form, one of whom has given it 
five specific and two generic names, and another six specific names, 
stiU keeping it in the genus CyathophjTltnn. At least this is accord- 
ing to Lindstrdm's synonymy*. 1 find that I am said to have 
named this form Cyatlwphyllinn Lovenl and Petraia hina in the 
same year in which the Essay on the Pala3ocycli was published in 
the Philosophical Transactions ! ! 

What Lindstrum must mean, so far as I am concerned, is that I 
placed Patraia hhm amongst the Corals described in ‘ Siluria,' and 
also Cyathopliyllmn Loveni. He considers those forms to be the 
same as Palcmcydus Fletdieri^ Ed. & Cyatliojdiyllum Fletdieri, 
Ed. & H., sp. 

I demur very decidedly against the identity of Cyathophylhnn 
Loveni and C. Fleidicri ; and as I never attempted to predicate 
what a cast might turn out to be, I object to the synonymy of 
Petraia hina and the last-named species. 

On comparing the morj^hology of CyatJmpJiyllam (^Palwocydus) 
Fletdt^ri and ruyosum, as descri])ed in the Philosophical Transactions, 
I do not see any definite difierence between it and that given by 
lindstrbm, so far as the internal structures are concerned. What 
I have termed variolar endotheca, Lindstrbm terms “ like-formed,’’ 
‘‘uniform” stereoplasraa. 1 have always considered the compa- 
ratively new terra “stereoplasma” to be something in addition 
to ordinary endotheca, a fiUing-up stuff or a substance environing 
epitheca. Hut I hold to the old term in this particular. 

The outside of the coral, however, has yielded to Lindstrbm very 
remarkable structures, not a trace of which have I ever seen in English 
specimens, Lindstrbm states in his description that the costae are 

“ Om de palsBozoiska formationemaB Operkelbarande KoraUer.” K.-ISveiisk. 
Vet. Akad. Haudl. Band vii. no. 41, p. H4. 
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beset with rows of rbomboidal scales, a row of scales existing for 
each half of a costa. Thus on Tab. i. fig. 2, the costse are marked 
with a herring-bone ornament, the axis of each series being £^ong 
the middle of the cost®. There is nothing like this in the British 
specimens. The magnified view of the scies, Tab. v. figs. 18-22, 
shows something entirely new. 

The presence of these scales in specimens of corals seen by Lind- 
strdm caused him to evolve a new genus, Pholid(yphyllum^ in 1870, 
and from the synonymy it was first associated with Cyathojphyllum 
Loveni, and not with the form under consideration. 

Pholidophyllum, Lindstrdm, 1870. 

Synonymous genera : — 

Triplasma, Lonsdale. 

ScaHtJiofles, Dybowski. 

Acanthocyclus, idem. 

“ Corallum composite, budding on the quadri section of the mother 
calice. Longitudinal plications (costae) of the surface of single 
individuals arranged in pairs, beset with rows of rhombic scales, a 
row of scales for each half of the longitudinal plication. In indivi- 
duals crowded into colonies these scales are wanting. Septa of 
equal size. Loculi filled with ‘like-formed’ stereoplasma, numerous 
in the midst of the coral, most frequently in regular equidistant 
tabulae 

This generic description, doubtless admirably correct for the forms 
described by Lindstriim from the special area of his researches, will 
not include the PaT'wey di==^Cy ail tophylhim,'a\}on the evi- 

dence which I have had. 

In the Index to the Genera of Palaeozoic Corals, by Lindstrdm tj 
we find ’‘^Palaocyclus^YAw. & II., 1849, Comptes Bendus, xxix. 71. 
Prom this genus are to bo excluded Pal. Fhtclieri and P. m^rcatus, 
P. porpita is the only species as yet known.” In the communication 
to the Iloyal Society published in the Philosophical Transactions, 
1867, p. (343, the absence of synapticulm in Pala ocychis porpita was 
proved, and the microscopic appearances figured. The nature of the 
septal nodules was explained, and it was shown that they did not 
stretch across the loculi as synapticube. I got disse 2 )iments here and 
there. This statement requires refutation by Lindstrdm before it 
can be simply ignored. 

Tinder the circumstances I retain the species of Pahvocyclus in 
the genus Cyathoj)7iyllum, and consider that Pholidophylluyn is a 
genus whose diagnosis docs not cover the English forms. 

* I have to thank Mr. Pei’cy Sladcn, F.G.S., for this translation. 

t Communicated to the Iloyal Swedish Academy of Sciences, May 8, 1883. 
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10. some Traces of Terrestrial and Fresitwateb Animals. 
By T. M‘Kennt Hughes, M.A., F.G.S., Woodwardian Professor 
of Geolog}^, Cambridge. (Bead November 21, 1883.) 

[Plates Vni-XI.] 

The ancient rock-markings known as “ Bilobites,’* and afterwards 
described by D'Orbigny under the name of Cmziana^ have long 
been known, and have proved a fertile source of controversy, some 
regarding them as plant-remains, and others looking upon them as 
traces of animals. A host of smaller, but similar markings, such as 
Rysophycus^ or simpler forms, as Pahrochorda, or the various ver}’ 
constant and symmetrical varieties known as Nfrelirs and Myria^ 
nites^ or those with a more plant-likc outline, as Chondntei^, all 
belong to the same line of inquiry. Few writers on the (yambrian 
and Silurian rocks have not had to refer to what they called 
fucoidal markings, or worm-tracks, which often have their im- 
portance increased by being the only traces ol‘ life in the bod. 
Throughout the geological series to the present day, similar tilings 
are found. 

But though observations on the tracks made by recent animals liad 
long ago been made by Emmons (American Geology. Pt. vi. 
and though Dawson had watched and recorded the vaiious markings 
produced between tides on th(‘ long shores of the Bay of J'undv 
(Acadian Geology, p. 25), it has remained for Nalhorst, in his 
splendid monograph on “Tracks of Invertebrate Animals” (K. 
Svenska Yet. Academiens Handlingar, Baud xviii. No. 7), to ])la.ce 
the whole question on a new footing by his (‘xperiments with living 
marine animals, and his extended observations on recent and fossil 
forms. 

The very full bibliograidiy given by him renders it unnccessarv to 
refer more particularly t o the various authors alluded to above- but 
in tbc following notes, wliich may be considered as siip]>lementary^ 
to his, I give the results of further and different observations U])()n 
the manner in which the tracks of animals anastomose, terminate in 
foliated or branching heads, or stand out in relief with a solid section, 
—how the same animal may produce a dotted, unilobate, hilohate, or 
quadrilohate track, or a track in one jilace smooth throughout,' in 
another place having strias oblique or almost parallel to the direction 
of motion, and in another strim at right angles to it. 

In the neighbourhood of Cambridge there is, at the base of the 
Chalk, a bed from 10 to 20 inches in thickness, which wo call the 
Cambridge Greensand, as there is not quite sufficient paleonto- 
logical or stratigraphical evidence to justify our correlating it 
exactly with the Upper Greensand of other districts. This bed 
consists of a clayey shale full of glauconitic grains, phosiffiatic 
nodules, and phosphatized fossils ; all of which increase in quantity 
towards the base until sometimes the bed is quite green from the 
glauconitic grains, or black from the phosphates. As, however, 
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these run well up into the chalky upper portion, and the bed is 
olayey throughout, it is necessary that the material dug out should 
bo washed in a mill to separate out the phosphate, which is required 
for commercial purposes. This mill consists of a circular pit into 
which the rough material is thrown with a constant supply of water. 
An instrument like a harrow is drawn round and round by a horse 
working at the end of a beam, as we commonly see in farmyards 
and brickyards. The muddy water is let off from time to time along 
a wooden gutter generally supported on upright poles, and is conveyed 
to a convenient place where it is received into large tanks ; the water 
is allowed to evaporate, and the fine mud, which is locally known as 
“slurry,” is covered with mould and the land restored to cultivation. 
The sandy portion generally settles along the trough, which has to 
be regularly cleared out to get rid of it. The result is, that ivhat 
settles in the tanks is the finest calcareous mud, most insinuating 
when thin, most tenacious when thick, as the inexperienced who 
have got in on foot or on horseback, when the mould has been 
newly spread over an unconsolidate ‘d bed of it, know to their cost ; 
as, also, do many other land-animals which drop from the trees or 
unwittingly hop on to it ; as do also even the water-beetles which 
plop down on to it, taking it for a pond ; as do the earth-worms 
which try to get throiigli it, or the various tribes of pond-lile which 
find the water disappearing and no outlet for them. 

As the thicker central portion sinks most, and the margins dry 
first, we can sec the kind of track made hy each creature when he is 
in the softest slime, and trace it on till lie gets to the dried portion 
where he leaves little or no mark ; and we find that many very 
different tracks must lie referred to the same animal. 

Other phenomena pr<“b icing peculiar marks or modifying the 
tracks c£tn be well studied on the slurries,” where accidental circum- 
stances, depending ujion the season, tem])erature, and so on, can be 
watched, and many of these offer suggestions for further experiment. 

In the first place we must notice that although the mud poured 
into the tanks is exceedingly fine, there are degrees of fineness, and 
the less fine settles first, so that the deposit, when seen in section, is 
often finely laminated, the thickness of the laminae depending upon 
the proportion of the area of the tank to the body of water let off 
each time from the washing-mill, splitting the clay along 
these laminae we can see successive scries of tracks belonging to old 
surfaces. 

If there has been any drifting of sand and dust over the dried 
surface, or if the inequalities have been filled in any other way 
with a different material, we can study the modifications of an infilled 
track. The first point of importance to notice is, that the mud 
contracts enormously in drying ; and it often happens that the top 
lamina shrinks before the next bei ow it can adjust itself to the 
smaller surface, so that cracks are formed in the upper lamina 
only, which slides over that bofow hy a kind of small horizontal 
fault. It then sometimes curls up by the more rapid drying and 
contraction of the upper surface, as toast bends, showing its 

N 
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concave surface to the fire. So sometimes a thin film of mud 
which has run down a face of rock, or settled from rain-water on a 
smooth surface, curls up like the curled wafers eaten with ices. 
Along the lines thus exposed through the top lamina the next layer 
4rieB most readily, and so the cracks are continued through layer 
after layer, which are seen projecting in steps along the sides of the 
little abyss now formed. 

This mode of cracking only occurs in certain cases when the 
diydng goes on rapidly and the lamina? are well-marked off and 
easily parted. 

More commonly the crack cuts through all the layers evenly to a 
depth of from 1 to 2 feet ; it gapes some 8 or 1 0 inches across the 
top, and closes altogether before it reaches the bottom of tlio tank. 

Such being the character of the deposit and the circumstances of 
its drying, it is clear that if anything begins a groove in the top 
layer, any subsequent cracking would be likely to follow that line : 
indeed, the trail of some creatures would be as deej) as thi‘ 
thickness of one lamina. 8o we see when wo are examining 
the pattern of the tracks which tniverse the slurry/' that they 
sometimes follow curious curves, which 1 have often trficed to the 
tracks of large worms, tlu* slight lliiting along either edge* of the 
track due to the split worm-track cnal)ling one to follow the 
original groove far along an opening which has afterwards attained 
a depth of a foot or more. 

More rarely wc can see how a groove filled with coarser dust or 
sand is well marked ofif from the layer l.)elow, and somewhat, but 
less distinctly, separated from the newer layer which has ruslied 
over it. In such cases, when the mass lias settled by its wxdght. 
and shrunk on the evaporation of the water in it, wo see that the 
form of the less yielding material which has filled the gfoove has 
been modified. Tor, since the portions a a and c c' (see figure) 
shrink more than the portion h h\ therefore the ends a and c must 
get squeezed down and the infilled groove present a somewhat 
lenticular section ; and if the groove be quite filled up, the central 
portion will bulge up a little into the overlying bed. 


Diagram Section of Groove, 



It will be observed that this answers the objection to the view 
that Cruziana, for instance, might bo a track because it sometimes 
shows a lenticular section, as if it had been a soHd body; and also 
shows how in some cases the imprint may appear on the underside 
01 an overlying stratum, 

I have frequently seen on a ripple-marked shore that evorv 
depresssion was filled with black grains of peat or broken hlnelrAued 
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vegetation, caught in the embayed water in each trough, and I have 
thought how easily it might happen that if a track were so filled, 
covered, and pressed down, the reUef imprint might have a thin film 
of carbonaceous matter over it. 

Again we observe from the different rate of progress of animals 
with legs or swimming-apparatus, as they get into the thicker or 
thinner parts of the mud, that no inference can be drawn as to the 
form of the animal, or distance between its legs from the strokes it 
leaves at right angles to, or oblique to the direction of its motion. 
The oars of a boat that has run aground return to the same place 
at each stroke. When the boat begins to move, the distance 
between the lines where the oars are lifted out of the water 
increases, until at last the boat may glide on and the distance 
between the dip of the oars may be longer than the stroke, of the 
oar through the water. So, if a cockchafer has fallen on a some- 
what thick part of the slush, many strokes of his legs advance him 
but a little way, and the ridges of mud pushed up by each stroke 
are very close together. They may be nearly at right angles to 
the direction of motion, or the animal may draw them very close to 
liis body and never get a good sweep. This commonly happens 
when the slime is thick, and in such a case the stria? are only 
slightly inclined to the direction of motion. 

I have seen such a track made under very favourable circum- 
stances. The insect had fallen, from an overhanging tree, into 
water from which it struggled towards shore. When I saw it, it 
had just reached mud of sufficient consistency to allow it to make 
some progress. The result was the formation of a fringed Bilobite. 

The ovipositor, dragged through the mud, formed the median line, 
the stroke of the legs produced the ridges on the lobes. There 
were twb less distinct mai’ginal furrows formed, as it appeared to me, 
either by the ends of the wing-cases (elytra), or by the bristly edge 
of the animal’s hodj’ ; I could not observe this point clearly ; these, 
somewhat interrupting the ridges due to the legs, gave the appearance 
of a fringed edge. Unfortunately, I was unable to preserve this 
track, and attempts to reproduce exactly the conditions were un- 
successful. Of all the tracks of land and freshwater animals which 
1 have seen, this was the one which most closely resembled Cruziana 
semiplicata. 

Water-beetles {Dytisem &c.), however, are frequently caught in 
the “ slurry ” and produce tracks somewhat similar, one of which is 
figured (PI. VIII. fig. 1 , I a), in which C D is the continuation of 
A B, and (PI. XI. fig. 3) in which a median line can be more 
clearly traced 

These differ from the tracks made by land-beetles in several im- 
portant points ; for the water-beetles have long rowing-legs, which 
^ sweep far beyond the short waUdng-legs, which therefore with the 
’ trail of the body produce a median lobe, the long rowing-legs 
producing two similar marginal lobes. When the animal gets on 

* The figures have been drawn for me by Mrs. Hugh Strickland, a skilful 
artist, who helped her father to illustrate the Ichnology of Annandale- 
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to more solid ground these strong sweeps, the rowing-legs, lift the 
body along ; so we see at the ends B and C of the specimen figured 
(PI. YII. fig. 1, 1 a), that the mark produced by the body and walking- 
legs occurs only at intervals between distinct and well-defined im- 
pressions left by the ends of the long and strong swimming-legs an 
they are pressed into the mud at each stroke. 

Small animals which walk on their feet, such as LitJiohius, Oniscus^ 
Aselhis, &c,, produce tracks such as those shown in PI. IX. fig. 1. 

When, however, they are moving through softer mud, the marks 
produced by their feet become more and more obliterated, as seen 
in PI. X. fig. 4, till we see only the ridges due to the sweep of 
their legs as they try to j)ropel their bod}’ through the thick slime, 
PI. Ylll. fig. 2, and PI. IX. fig. 4. They frc(]uently turn round 
and round, producing a knot-like twist. At length they give it u]) 
and are smothered or w’rigglo away, leaving a smooth trail, like that 
of an earthworm. One such animal, wdiich perished in the slush, 1 
was able to preserve, still sticking at the end of the track it had 
made ; and this has been determined for me by Professor Westwood, 
of Oxford, to bo a young specimen of TAihohiiis forcij[Kitm, PI. IX. 
fig. 4. 

Any insect, even a large fly, sticking on the surface of the mud, 
in its efforts to get on, catches at the ground before it with its front 
feet, turning now rather to this side, now rather to that, in its 
attempts to get a grip, and makes the curious nuiTkings seen on PI. 
IX. fig. 2, which somewhat resemble the appearance produced by a 
kind of alga on smooth rock-surfaccs between high- and low-water 
mark. This kind of mark is also juoduced by the dipping point 
of a bending blade of grass moved by the wind ; but in this last 
case the marks are somewhat less regular. 

I have noticed incidentally above, that earthworms and similar 
animals generally produce a smooth trail. The cross-barred tracks, 
such as those seen in PI. X. fig. 4, are made by the larvae of 
beetles &c., which move like caterpillars by shifting each body- 
ring in turn, whereas, when a worm has pushed the long anterior 
portion of its body forward far enough to get hold, as it were, it 
drags all the tail part after it by one continuous movement, so that 
the track is a smooth furrow ; -where, how^ever, there are no inequali- 
ties in the ground, and it is too slimy for the worm to get a hold 
with its bristly rings, it is apt to follow a winding course, a])pa- 
rently in order to get a grip after the manner of a corkscrew. {Some 
smaller creatures allied to earth-worms always do so, the fine 
wriggling track, PI. X. fig. 4, is, I believe, made by Tuhifex rivxdornm 
or some such form ; but I have not been able to observe this 
accurately. 

Some of the most interesting tracks are those made by burrowing 
animals; and in connexion with them, I will notice several other 
phenomena related to them only by a deceptive similarity of form. 

There are three kinds of small pits or circular depressions 
common over all mud flats : — 

First, there are the impressions made by rain or hail, which 
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always have a small rim all round the hole, when there has been a 
straight downpour ; on one side^ away from the direction in which 
the rain or hail was coming, when that has fallen obliquely — see 
PI. XI. fig. 7. 

Secondly, besides this there is the round hole left by bursting 
bubbles — see PL XI. fig. 0. These are due to the caving in of the 
mud when the bubble has burst and left a cavity ; and they there- 
fore have not the rim due to the violently displaced contents of 
the depression, as in the case of the rain- spots. 

Thirdly, there is the hole made by worms, burrowing into or 
coming out from the mud. These are often in pairs, as they 
showed only a short time above ground or remained only a short 
time below. In this case, as might naturally be expected, the 
margin of the hole down which the worm went shows the indrag 
of the aniinars body in the rounding off of the edge, and the hole 
from which it emerged shows the out-push in a kind of rim. 
The holes soon get filled witli mud. In these we often have Areni- 
colitea dklyrnus exactly reproduced. Hometimes a worm or larva, 
or other burrowing animal, bores just under the surface of the mud 
so close to the surface that it raises a round archway in considerable 
relief above the level of the surrounding mud, which is seen in 
section as the roof of the tube or tunnel along which the animal 
has passed (PI. X. fig. 3). Sometimes a worm pushes the fore 
part of the body out along the surface, making trials iii several 
directions and ])roducing a long cylindric.al tube witli a flattened 
branched extremity (see PL XI. fig. 4). As the posterior part of 
the animal is not dragged after the anterior in tliis case, the barred 
track is not oblitca'aled. The cross markings are, however, shown 
a little too strongly in the figure. This is ([uite unlike the forms 
described and figured by Xathorst cii, pi. hi. fig. 5, pi. v. fig. 3, 
&c.). 8omcof his a]'e curiously like Oldhamia radhUa. The organic 
origin of this fossil is more obvious in the other species, 0. autiqua, 

8ome smaller animal (? a beetle) pushes its head out at very 
regular intervals, forming a long hollow tube with symmetricallj^ 
arranged cell-like openings, just such as might be referred to a 
zoophyte with caniosarc and ^drotheem (PI. XI. figs. 1 tfc 2). 

Should the mud in such a case harden sufficiently to allow of 
the infilling of the tube, wc should have a track in relief on the 
ui)per surface of a slab, and showing a solid section and branched 
extremity (see PI. XI. fig. 4), or a branching base and long trailing 
extremity (PI. XI. figs. I & 2). 

The tracks which somewhat resemble Nereites and Myrianites 
are produced by a great variety^ of animals. I have seen Limncea 
pereyra make a mark on very fine wet mud in a ditch, exceedingly 
like Nereites ; but this was quite exceptional, as the animal genercdly 
glides along smoothly, and it seemed that the interrupted motion 
in the case observed, was due to the necessity of pushing the head 
far forward and lifting the shell Avith a jerk. Very small frogs 
crawling out of the slush, where hopping is impossible, produce by 
their alternate step a lobed mark analogous to Nereites ; while 
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some varieties of the beetle-tracks, especially those of land-beetles, 
strongly approach Nereites and Myrianites, 

I have noticed above the occurrence of marks produced by worms 
and grubs in relief on the surface of the mud ; another curious 
example I may also give. In some cases in the footprint of a frog 
the line of the toes is marked in relief (PI. XI. fig. 5), not depressed, 
as one would naturally expect, on the upper surface of the mud. 
This appears to happen whore the mud has just that consistency, 
which causes it to stick to that part of the foot which is well 
pressed into it, and which, on being withdrawn, lifts it up, as a 
spoon or finger draws up after it a column of treacle or honey. 

When a night's frost catches the wet surface of the mud, the 
most beautiful sprays of ice-crystals grow from the margin and 
from each projecting stick or stone. The w’ater crystallizes out free 
from impurities, and needles of ice shoot through the mud in all 
directions. If a morning succeeds which is favourable to rapid 
evaporation, the ice evaporates directly, or the drying of the mud 
goes on fast enough to preserve the casts of the groups of ice- 
crystals. These are extremely difficult to procure, as the surface so 
scored readily cracks up and is not easily removed. The curious 
plume-like markings shown on PI. X. figs. 1 & 2 represent the 
frost-pattern on the mud, hut give only a poor idea of what they 
are when fresh. ^ 

Xathorst, in the valuable work referred to above, docs not, of 
course, put forward as the result of his observations, that there were 
on the shores of the early Cambrian Sea the very same species of 
Crustacea as those he selected for his cxi)eriments, nor would I 
suggest that the Cruziania was the track of Melolontha v^dyaris ; 
but I quite agree with him that from the analogy of these recent 
forms it is most probable that Cniziana, Nereites, Crossopodia, 
Palceochorda, and all that class of fossils are mere tracks, and do not 
represent either marine vegetation, as has been suggested in expla- 
nation of Cruziana, or the impression of the actual body of ciliated 
worms, as supposed by some in the case of Nereites. 

EXPLANATION OF PLATES VIIL~XI. 

PJ.ATE VIII. 

Figs. 1 & \a. Track of Water-beetle {Dytiseiis &c.), showing variation in 
track as the animal passed from the more slimy part at A to the 
firmer mud at D. 

Fig. 2. Track probably of a Myriopod: compare with PI. IX. fig. 4. 


Plate IX. 

Fig. 1. Track of Lithohius or similar form, crossing tube formed by bur- 
rowing animal. 

2. Track made by large fly ? 

3. Track of burrowing animal. 

4. Track oi Lithohius ferreipatus, showing the marks made by the feet at 

one end of the track, a smooth trail in the softer slime, and the 
animal itself at the other end. 
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Plate X. 

Figs. 1 & 2. Plumes left by ice-crystals. 

Fig. 3. Track of burrowing animal, showing how it sometimes crosses and 
sometimes again enters the old track. 

4, Wriggling track of small worms. Track of animal with feet, showing 
how it draws its legs closer to the body in one part than in another, 
thus producing a tapering mark. Track of larva, in which the 
cross-bars due to the impress of the body -rings are clearly shown. 
Spiral track, with the hole in the centre by which the animal came 
up to the surface. 

Plate XL 

Fig. 1. Track of small burrowing animal (beetle ?), showing the manner 
in which it at first looks out from its tunnel at regular intervals, 
occasionally leaving it for a short distance, and then goes away un- 
interruptedly under the surface. 

2. The same, showing in places the track of the same animal when not 

burrowing. The footmarks are sometimes fairly distinct, but 
sometimes only a confused brushing of the surface. 

3. Track of Water-beetle, showing an approach to the qiiadrilobate form. 

4. Track of worm, feeling its way out in various directions from the end 

of a tunnel which it has formed just under the surface of the mud. 
In this the bars formed by the bristly rings of the worm are not 
obliterated by the posterior portion of the animafs body being 
subsequently dragged over them. 

5. Footmark of frog, in relief on the upper surface of slab. 

6. Bubble-rings. 

7. Kain-spots. 


Discussion. 

Prof. Dawson remarked that in the Silurian, Devonian, and Car- 
boniferous rocks of Canada were forms described as fucoids which 
he himself thought were more probably traces of animals, though it 
was hard to say of what animals. The deposition of sediment from 
coarse to fine, described by the author, might be seen in the Bay of 
Fundy. Shrinkage-cracks had often been described as fucoids, one 
of them being a cracked surface, modified by the in -running of little 
rills of water. So, too, had the marks made by rills on the mud. 
It was well to remember that dissimilar animals might make similar 
tracks, and similar animals, under different circumstances, would 
make dissimilar tracks. Lhmdus, for instance, made three kinds of 
tracks. The explanation of the bilohate worm-marks given by 
the author appeared to him to be correct ; also that of the tracl^ 
in relief on the upper surface. The pulling-up of the mud might 
often be scon in modern tracks. Nearly aU these phenomena 
could be paralleled by the action of sea-worms, Crustacea, &c., on 
the sea-hottom. We must, however, remember that in some cases 
structure remained, showing that in these we had vegetable tissues. 

Prof. T. Eupekt Jones said that there were some drawings of 
markings by marine animals by the late Hugh Strickland in the 
possession of tho Society. He also described various markings of 
characters other than those described by the author. He thought 
that the Crustacea made as many marks as the Worms. 

Mr. Etheridoe commented on the difficulty of interpreting these 
markings in the field, and said he quite agreed that the Annelida 
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aild^ClitiBtabea made many of them. He referred to a description 
by Mr. Gray of the tracks of Gasteropoda. The mud-fans on the 
Norfdk coast offered excellent opportunities for a study of phe- 
nomena. of this kind. He called attention to the burrows seen 
in the Assynt quartzites and the so-called fucoids. 

Eev. E. Hill referred to the cracks in these muds, and agreed 
with the author that the worm-tracks help to produce them. 

Dr. Hicks referred to the markings of Cruziana., and to some re- 
searches he made near Nant Ffrancon last summer. He had traced 
one for over 10 feet in length ; some appeared to be even longer. 
He thought that they were relief burrows of worms produced in the 
manner described by Prof. Hughes. He agreed with Dr. Dawson 
that it was not safe to class any of these markings as plants 
unless the}^ showed organic structure or retained carbon. 

Prof. Hughes said that his object liad been sini])ly to describe 
some peculiar markings on mud, the manner of formation of wliicli 
he had been able to observe, and to point out in wliat rc'spects thev 
explained away difficulties which had arisen in the interpretation of 
certain fossil tracks. He thought he had Ixam able to show that 
some of the characters most relied u])on to ])rovc tlie vegetable 
origin of the fossil forms, such as branching, solid section, cN:c.. could 
be produced by animals. Ho had seen the curious symmetrically 
branching grooves, due to streamlets on the sc^a-shorc, mentioned by 
Dr, Dawson, and some tracks of Crustacea, such as those raoiitioned 
bj^ Prof, liupert' Jones : but he had been unable to ])i’esen’e any of 
these owing to their being generally on sand, and also because tlu'v 
were obliterated b}' the succeeding tide instead of being left to dry. 
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11. On the Cambrian Conglomerates resting upon and in the 
vicinity of some Pre-Cambrtak Hocks (the so-called Intrusive 
Masses) in Anglesey and Caernarvonshire. By Henry 
Hicks, M.l)., F.G.S. (Head December 5, 1883.) 

In papers which I communicated to the Geological Society in 1877 
and 1879, I brought forward evidence to show that some rocks in 
Caernarvonshire and Anglesey which were indicated on the maps of 
the Geological Survey as great eruptive masses intruded into strata 
of Cambrian and Silurian age, were really rocks of Pre-Cambrian 
age. I pointed out that there was the clearest evidence to show 
that the lowest Cambrian conglomerates known in those areas, 
instead of having been altered hy these so-called eruj^tive masses, 
as would be inferred from the maps of the Geological Survey, 
repose unconformably upon the rocks composing these masses, and 
were mainly built up of materials derived from them by denu- 
dation. In the paper of 1877 I stated that the pebbles in the 
conglomerates were “usually distinctly rounded and generally im- 
bedded in either an unaltered or semi crystalline matrix, from which 
they can be easily removed,” and that “ they wore evidently in their 
present state, as regards consolidation, before they were cemented 
together to form the conglomerates, and must have been derived 
from rocks highly metamor])hosed at that time, such rocks, in- 
deed, as now occur immediately under them, and which, we ven- 
ture to believe, belong to a Pre-Cambrian series.” In the same 
paper I mentioned that the false ap]3ea ranee of being intrusive 
masses exhibited by these rocks and “ the passage by gradual 
alteration memtioned by various observers, are mainly due to the 
fact that the matrix in the conglomerates has been derived from 
rocks immediately below or from similar ones, and from a slight 
subsequent change in the matrix, due, jmobably, to proximity to the 
intrusive dykes, aided by a readiness perhaps in the material to 
assume this change. This is clearly observed by watching the 
weathering of these conglomerates even when in direct contact with 
the porphyritic series ; for any apparent melting-away of the hard 
pebble is shown not to be a fact, since on very slight weathering 
the pebble becomes easily separable from the matriic, and its outline 
is as perfect as on the day it became cemented in the mass.” 

Professor Bonney’s very important paper (Quart. Journ. Geol. 
Soc. vol. XXXV. p. 309) added tlie necessary evidence to make these 
facts certain, and in it he showed also the rhyohtic character of some 
of the Pre-(/ambrian rocks. JVofessor Hughes, Professor Bonney, 
Dr. CallaAvay, and Dr. Hoberts have also from time to time, in differ- 
ent papers read before this Society and elsewhere, called attention to 
the same facts as are referred to above ; and I should hardly have 
thought it necessary to bring forward this further evidence, highly 
conclusive as it may be, were it not that the last edition of the 
Geological Survey memoir relating to these areas, published in 
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1881, and revised, as stated therein, after the appearance of our 
papers, contains not only the same statements in regard to these 
so-called igneous masses and the strata surrounding them, but a 
charge is there made that we arrived at our conclusions on purely 
theoretical grounds,” and additional details are therefore given in 
support of the statements made in the previous edition. Moreover 
the present Director General of the Geological Survey, in his 
paper on the St. David’s area in Quart. Journ, Geol. Soc. for August 
last, especially casts doubt on the value of the evidence adduced 
from conglomerates, and even quotes some of those in Anglesey in 
support of his view. He further reproduces his predecessor’s (Sir 
A. Bamsay’s) statement that there are no rocks of Pre-Cambrian age 
“ in any part of the Principalit}’.” 

Certainly the present Director General, in the paper referred to 
above, at p. 262, says — “ It should be clearly understood that the 
conclusions to which I have come refer solely to that j the St. Djivid’s] 
district, and that, iu the meantime, I offer no opinion regarding other 
so-called Pre-Cambrian areas in the Principality but most persons 
1 think will agree that it is undoubtedly clear, from the ])arugraphs 
in his conclusions at pages 262 and 263, that his remarks throughout 
are intended to have a far more general application. At p. 262 he 
says — But the same treatment which Dr. Hicks meted out to them 
in the St. David’s area, he has consistently continued in his subse(juent 
excursions over Wales. Plaving a.])parently convinced himself — on 
what grounds I have endeavoured to show — that the rocks coloured 
on the Survey Maps as felstone or (juartz por])hyry must belong to 
his ‘ Arvonian ’ group (that is to say, arc not intrusive in the Cambrian 
or Lower Silurian strata, but prominences of Pre-Cambrian age), he 
has proceeded to apply this conviction to the Geological Survey maps 
all over Wales. M ith the most com])lete disregard of the evidence 
by which the officers of the Survey were led to regard certain rocks 
as intrusive, he simply turns the felstoiies, syenites, 6:c., into meta- 
morj)hic and volcanic Pre-Cambrian masses.” In a footnote to this 
paragraph he also says — It will be a work of some labour to 
follow Dr. Hicks in his rapid traverses of Wales, with the view of 
testing his corrections of the work of his predecessors. Mr. Peach 
and I had time to visit a few of the areas hti has renamed, and always 
with the same result.” To show that it is absolutely necessary, in 
my own self-defence, that I should lay all possible evidence before 
the Society in regard to all the areas, to prove that I did not arrive 
at conclusions at variance with the views of the Geological Survey 
in the hasty and careless manner attributed to me in the above 
quotations; I need only quote one further paragraph, which con- 
cludes the first part ot his paper : — “ This was not the style in which 
the Survey Maps were constructed; nor is it the style in which 
they should be corrected. The intrusive character and comparatively 
ate origin of the eruptive rocks were deliberately asserted by my 
colleagues after prolonged examination. Had this view be5n erro- 
neous, it ought to have been disproved by a detailed review of the 
evi ence on which it was based. I have gone fully into the asser- 
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tions made by Dr. Hicks himself in regard to the area of St. David^s, 
and have proved them to be untenable. If this is the result of the 
critical examination of his typical Pre-Cambrian district, over which 
he has spent most time, I can hardly anticipate that his more rapid 
traverses elsewhere will, when properly tested, bo found to have been 
more successful.” 

After listening to the above statements which have been made 
by the present Director General, I hardly need ask the Members 
of this Society, in whose Journal they have appeared, to consider 
this paper only as a first instalment of that thorough criticism 
of the work of the Geological Survey which is demanded in the above 
paragraph, and as necessary in reply to the indictment, from the 
only district which I have been able to reexamine since Prof. 
Geikie’s paper appeared in the Journal. 

Though the title of my paper shows that I purpose mainly to deal 
with evidence derived from the Cambrian Conglomerates, it is clear 
that it will be advantageous to refer incidentally also to any new 
facts obtained relating to the Pre-Cambrian rocks themselves. The 
rocks whicli we claim to be of l*re-Cambrian age have, however, 
been so fully described in papers by Prof. Hughes, Prof. Bonney, Dr. 
Callaway, and myself that it will not be necessary to do more than 
call attention very briefly to their characteristics. Prof. Geikie has 
also, in his descriptions of these rocks, included all peculiarities 
which have been pointed out by us as specially applicable to any of 
those North-Wales areas. 

In the Geological Map issued with the Survey Memoir referred 
to, published in 1881, there is a great elongated mass coloured as 
“intrusive felspathic porphyry,’’ reaching from Llanllyfni in the 
south of Caernarvonsliire, i o Bethesda in the north, a distance of about 
fifteen miles. It has an average width for the most part of from a mile 
and a half to two miles, but becomes narrower towards the north. At 
its south-western extremity and for a short distance along its south- 
eastern edge, altered Cambrian rocks are shown to be in contact with 
it, but at aU other points ordinary Cambrian rocks. This so-called 
intrusive mass is stated in the index to be “ chiefly of Lower Silurian 
age.” Another mass of the so-called “ intrusive felspathic pori)hyry” 
is shown to extend from Caernarvon to Bangor, a distance of about 
ten miles, with a width at its broadest part of rather over a mile, and 
narrowing towards each end. At Bangor altered Cambrian rocks 
are shown along its north-eastern edge; further south along the 
same side the ordinar}^ Cambrian colour is given ; and beyond this, 
to Caernarvon, Lower 8ilurian rocks are indicated as being in contact 
with the mass. Along the western edge Carboniferous rocks are 
shown. This mass, like the one above referred to, is marked as 
“ chiefly of Lower Silurian age.” 

In Anglesey, extending from the coast south of Llanfaelog to the 
north-east of Llanerchymedd, there is, on the same map, a great 
patch coloured as granite. At its broadest part it is three miles 
across, and its length is about eleven miles. It is stated in the 
index to be “ probably of Lower Silurian age.” What I have main- 
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tained in previous papers to this Society is this, that neither of these 
so-called intrusive masses could possibly be of Lower Silurian age, 
that they could not possibly have eaten into and metamorphosed the 
Cambrian and Silurian rocks in their immediate ricinity, as main- 
tained by the Surveyors, since they are truly Pre-Cambrian rocks, 
which were in their present condition before either the Silurian or 
Cambrian rocks were deposited. Where views are so diametrically 
opposed to one another as are those of the Surveyors to those 
which we have put forward, it is clear that we are bound to fur- 
nish very conclusive proofs in support of our views ; and I venture 
to believe that from the evidence I have to bring before you in 
this paper, it will be allowed that the proofs are of the most con- 
clusive character, even when tried by the most rigid tests. I have 
given the rough superficial areas of these rocks, as it miglit bo suj)- 
posed from some of the remarks which have been made that, as 
geological features, their importance is scarcely deserving of con- 
sideration. Those, however, are but a few of similar arejis which 
we claim, and when it is considered that they are now the exposed 
fragments only of part of that old Areha'an land which extends 
everywhere under the newer formations, and that it is in tliese frag- 
ments wo obtain evidence of the geological structure, the physical 
history, and geographical features of that i)rimieval land, I believe 
the true man of science will grant that in this case the value of the 
inquiry cannot well be measured by the superficial area exposed now 
to examination. 

The visit of the Geologists’ Association to Pangorin the last week 
of July offered favourable o])portunitics for reexamining many of 
the areas previously described, and Ihe evidence in that neighbour- 
hood was freely exposed to the criticism of over fifty Members who 
were present. It was in tlie week subsequent to that visit, however, 
that, accompanied by Mr. Marr, Mr. Myers, Mr. Murray, Mr. Love, 
all Fellows of the Society, and by Mr. Mclherson and Mr. Bartlett, 
and afterwards, I was able to collect the facts given in this j)aper, 
and I wish to express my obligations to those gentlemen for the 
very valuable assistance which they rendered me. 

Hitherto, though pebbles and fragments of almost every variety of 
the rocks claimed by us as of I’rc-Camhrian age had been occasionallv 
observed in the Cambrian Conglomerates, no actual necessity had 
arisen for making a special collection, to prove their identity with 
the rocks immediately underlying them or in their immediate neigh- 
bourhood. The importance of making such a collection, however, 
became imperative after the statements of the Director General that 
the Conglomerate in South W ales ( and according to the same reasoning 
in iN'orth AVales ) could not possibly contain a pebble of the character- 
istic granite (Dimetian granitoid rock), or of the quartz-felsites or 
porphyries, because, as he led us to infer, they were all newer than the 
Cambrian rocks. Moreover if we can prove conclusively that tjq)ical 
Dimetian fragments, and undoubted quartz-felsites and porphyries, 
identical with the rocks below, do occur in the Cambrian Conglome- 
rates, then, so far as North Wales is concerned, the Director General, 
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by bis own statements, will be compelled to grant that onr views are 
correct, and that he and his predecessor have been completely in the 
wrong in their interpretation of the geology of those areas, so far at 
least as the oldest rocks are concerned. The following statement occurs 
at p. 305 of the paper already referred to : — “ There can be no doubt 
that conglomerates frequently mark the natural base of a series of 
sedimentary deposits. They do so more especially where they are 
formed of materials that have had an obviously local origin, and 
where they rest unconform ably on the rocks below, from the waste 
of which they may have been mainly derived. In such cases they must 
be regarded as litboral deposits ; and in this respect they possess im- 
portance from the light they throw on former geographical con- 
ditions. Of other conglomerates which possess local value as strati- 
grapliical horizons only, he says — “ Unlihe the basal conglomerates 
just referred to, they are comi)oscd of well waterworn pebbles, for 
the most part comparatively small in size, derived from some distant, 
and in many cases, unknown source, and consisting usually of quartz, 
quartzite, or other exceptionally durable rocks.'' T accept to the 
fullest extent the tests suggested by the Director General in the above 
quotations, and 1 noA\' submit the facts to the Society, feeling confident 
that the verdict must be in our favour. As the Director General 
has acknowledged that we are correct in ] lacing the Pebidian rocks 
below the basal conglomerates, as a great volcanic series, though Sir 
A, Ramsay maintains that the oldest volcanic rocks known in 
Britain (as may be seen by referring to his Address as President of 
the British Association in 1880), of which he had any i)ersonal 
knowledge, are of Lower Silurian age, I will only refer to those 
rocks so far as it may bo necessary to i)oint out evidence of their 
Pre- Cambrian age, by showing the Cambrian Conglomerates resting 
uncoiilbrmably upon them, and being here and there made up 
yery largely from their denudation. It is more important that in 
this paper I should confine myself to the above-mentioned rocks, 
which are claimed by the Surveyors as irruptive masses of a date 
long posterior to the deposition of the Cambrian Conglomerates, 
which now surround them, 

Llanfaclog^ Amjleseg, 

In my paper of 187b I pointed out that the so-called intrusive gra- 
nite as exhibited near Llanfaelog, in Anglesey, was almost identical in 
character with the Dimetian granitoid rocks at Twt Hill, Caernarvon, 
the so-called Rhos Hiiwain syenite, and the Dimetian at St. Da\nd8 • 
and ray views were fully confirmed by Professor Bonnoy’s examina- 
tion of the rocks in the field and under the microscope, i maintained 
that this so-called granite patch, instead of being, as stated by the 
Surveyors, composed of granite intruded into the Cambrian and 
Silurian rocks in LowxT-Silurian time, and of metamorphosed and 
entangled portions of those rocks, actually consisted of the 
oldest rocks in Anglesey, and formed an old axis not only to the 
Cambrian and Silurian rocks, but even to the newer of the Pre- 
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Cambrian rocks. The evidences on which we based these conclu- 
sions were chiefly such as could be obtained by comparing the 
rocks with those found in other areas which we had examined, 
and by noticing carefully whether any alteration had been produced 
in the neighbouring rocks. We recognized that along one side the 
rocks were entirely unaltered, and that the material out of which the 
latter had been built up may have been, in part at least, derived from 
the denudation of the granitoid rocks ; but at that time we found no 
fragments which could be stated definitely to have been derived from 
the rocks in the so-called granite patch. Moreover the actual horizon 
of these conglomerates and grits along the western edge had not 
at that time been made out ; and we owe it entirely to Professor 
Hughes that their position as basal Cambrian Conglomerates has been 
clearly defined. In his excellent paper on ‘-‘The Geologj^ of Anglesey ” 
published in 1881, he has worked out the succession of these rocks 
near Llanerchymedd, by fossil and stratigraphical evidence, and 
has proved conclusively not only that they are the basal Cambrian 
conglomerates and grits, but also that the Tremadoc and Arenig rocks 
follow them in succession. 1 had an opportunity of examining the 
sections near Llanerchymedd under Prof. Hughes’s guidance, and 
there cannot be the shadow of a doubt that his conclusions are 
correct. If further evidence is necessary, it is furnished in the 
sections we examined to the west of Llanfaelog. In descending order 
are the following rocks. (See section, fig. 1.) Under the blown 
sand to the east of Traeth Crigyll black irony slates of true Arenig 
type are found, with a high dip to the north-west. At Ty-croes farm * 
and Tan-y-bryn, black slates and more flaggy bods are seen, stiU dip- 
ping to the K.W. In the depression which separates these farms 
from Ty-hen, the beds are not exposed, and the appearance here 
would rather indicate a line of fault with the loss of some of the 
strata. The next beds which are met with going eastward are flagg}" 
sandstones, and these are underlain at Ty-hen by rather rough con- 
glomerates. Pet ween this point and the Dimetian rocks on the oast 
shore of Llyn-faelog, a distance of about half a mile, the rocks are 
mainly flaggy sandstones alternating hero and there with bands of 
conglomerate. The beds all dip towards the north-west, at an angle of 
from 30° to 35°. If there are no repetitions by faults, we have here 
a very considerable thickness of the Lower Cambrian rocks exposed. 
The lowest bods of the conglomerates are within 30 yards of some 
exposures of the granitoid rock, in the field on the east side of the 
lake, and I have no doubt an actual contact may be seen by the 
removal of some of the soil in the depression at the head of the 
lake. The lowest conglomerate at this point is in some respects 
the most interesting and imi)ortant of the basal conglomerates that 
I have yet examined ; for it shows clearly that when it was deposited 
the granitoid rocks immediately to the east must have been exposed, 
and that they formed the old shore-line on which the conglomerates 
were deposited. Is ot only is the matrix chiefly made up of an arkose 
material, as is some of the conglomerate at Twt Hill, Caernarvon, 
* Two miles west of T^-Croes Railway Station. 
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but bore large fragments of undoubted Dimetian rocks occur as 
well-rolled pebbles, and every variety found in the underlying 
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rocks may be recognized in the pebbles or fragments in the con- 
glomerate. I have had several of these pebbles cut, and also some 
aJ.O.S. No. 157. o 
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of the granitoid rocks from below. These have been submitted to 
Prof. Bonney for examination with the microscope, see his Notes 
l-*6, pp. 201-203, and his conclusions agree entirely with mine, 
that the pebbles are identical with the rocks below, that the pecu- 
liarities exhibited by the granitoid rocks of the ridge are shown 
equally clearly in the pebbles, and that it is evident the granitoid 
rocks were much in the condition in which they are now found before 
the fragments now lying in the conglomerate were broken off from 
the original mass Even superficially these ])cbblcs show evidences 
of this fact. The crushed appearance' exhibited by the parent rock 
is equally clear in the pebble : and that infiltration ot a green 
material along the joints, so commonly found in the Dimetiaii, liad 
taken place in Pre-Cambrian time, is made certain trom finding iliat 
it is equally abundant in the fragments. 

Subsequent crushing is occasionally indicated by Iraeturc-iiiies 
across the pebbles, usually filled by quartz : but these linos are (|uito 
independent of the indications of the original crushing, Avhich seems 
to have affected the whole structure of the rocks even to a j)oint 
only revealed under the microscope. It has been fixxjuenlly stat.(‘d 
that the quartz in the Dimetiaii has a dirty appearance, and that this 
is due to an immense number of inclusions, chiefly of vesicles arranged 
in well-marked lines. These vesicles are supposed to indicate that 
the quartz was formed in the presence of abundant vapours. Tliis 
view of their origin is now so universally ac(*(q)tod that I fear it 
■will be considered rank heresy even to suggest an addition.al cause. 
Still, after a prolonged study of a large scries of slides made from t he 
Dimetian rocks and also from the older gneisses of Scotland, in which 
the vesicles occur in equal profusion, I must confess that the above 
view does not appear to me to be sufiiciently satisfiictory to account 
for their unusual abundance, or for the condition generally of tlie 
quartz in the old rocks. IVo know that these rocks have been 
crushed to a microscopical degree, and that this has allowed infiltra- 
tion to take place to such an extent that tlie majorit}' of tlu^ minerals 
have undergone a jjrocess of decomposition. One result ol‘ these 
decompositions would be that liquids with powerful soh ent ]>ro])erties 
would be produced, which by a kind of capillar}^ action would 
pass along the minutest fissures and so attack the (juartz and cause 
decay. The quartz shows abundant evidence of having been broken 
up, and the fragments arc frequently separated by the deposition of 
secondary minerals. The lines of fracture are also traceable from 
one fragment to another by thin strings of these secondary minerals ; 
and it is an important fact also that occasionally these strings are 
seen to connect lines of vesicles in different fragments. The 

* As it is a matter of great importance that no possible doubt should exist as 
to the identity of the peijbles in the conglomerate with the r(jckB below, Prof, 
lionney took the precaution to examine all the slides submitted to him, distin- 
guished by numbers only, before looking at the rock-specimens, and it is 
undoubtedly a highly satisfactory proof of the great value of the microscope 
in these inquiries that the results required no modification in any of the main 
facts when it was found from what areas the specimens hafl been obtained. 
In several of the slides also there was no evidence to guide him as to whether 
they had been cut actually from the parent rock or from a pebble. 
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majority of the lines extend to the edges of the quartz fragments, 
but others appear sealed up. The latter may have originaUy beeu 
lines of fracture which have been closed up by a secondary deposi- 
tion of quartz. The vesicles of vapours and liquids would naturally 
be arranged in rows if along fissures, but not necessarily so if 
they were original inclusions. These lines of vesicles therefore 
may be the result of infiltration. A rock of so old a date as the 
Dimetian has suffered many great changes since it was first formed, and 
it may have even been several times under the influence of heated 
waters and vapours. The false schistosity exhibited by the more 
massive portions of the Dimetian may be chiefly due to this crushed 
character, and to the abundance of the green mineral along the 
joints, sometimes present in such proportions as to give the rock a 
ji 7 s<??w^o-brccciated appearance. The secret why this old granitoid 
rock is useless for building- and other purposes, may be found in its 
crushed character ; but I am inclined to think that it is also partially 
due to its being, as I have lately maintained, a metamorphic rock, 
and not, as I formerly supposed, an igneous rock of Pre-Cambrian age. 
It varies so much in character at different horizons here, as at St. 
David’s, llhos Ilirwain, and Twfc Hill, that it seems more natural to 
regard it as originally a deposited rock, like the older gneisses of 
Scotland and Canada, than as an igneous rock. It is, however, now 
so completely (Tystallinc that its origin even, as in the case of the 
massive gneisses, can only bo a matter of conjecture. It seems that 
for the present, therefore, we cannot do better than be satisfied with 
the critical opinion of the late ^Ir. Tawnoy, who devoted much time 
to the examination of the Dimetian rocks, when he says, in a paper 
imhlished last Pobruaiy in che Geological Magazine (p. 07), “ The 
constitution of the rock, liowovcr, is against its being igneous, audits 
great variability within sliort distances also.” 

About tho centre of the Dimetian axis there are some green 
schistose rocks, whicli I believe are much newer than tho Dimetian, 
and either folded or faulted in at this point. In the railway-cutting 
it appears as if, with tho exception of the rocks above mentioned, we 
had an ascending section towards Ty-Croos Station, as explained in 
my former paper. The Dimetian at the east end of tho cutting is 
lighter in colour than that towards the west, and it contains a 
certain proportion of a silvery mica. Deyond this are the compact 
quartzose rocks which avo classed as belonging to the hiilleflinta 
series, and these are followed by the quartz-schists and the chloritic 
schistose rocks so common in Anglesey. Dr. Callaway, in his paper, 
placed tho granitoid I'ocks above the schists and compact quartzose 
rocks ; but in this I feel confident he is in error, and that my 
original view as to the order of succession here is in the main correct. 
Fragments of almost every variety of tho rocks in this section, 
besides those of tho Dimetian already referred to (sec Prof. Bonney’s 
note 8, p. 208), occur in tho conglomerates ; therefore the evidence 
that all the metamorphic schists in Anglesey are of Pro-Cambrian 
age is abundantly clear. Fragments of the various schists have 
been frequently mentioned by other authors as occurring in con- 
<rloTner»tea in Amrlesev: an^ Prof. TTiiorhoR Rtntna in VllC! 
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at p. 22, that the Danerchymedd conglomerates vary “ according to 
the character of the underlying rocks,” and contain bands composed 
chiefly of white quartz with occasional fragments of jasper, quart- 
rite, schists, &c., and some beds of large felsito pebbles.” Sir A. 
Eamsay also, at p. 247 of vol. hi. of the Memoirs of the Geological 
Survey, gives a list of fragments found in the conglomerates in the 
north-west of Anglesey ; but immediately afterwards says that they 
could not have been derived from the Anglesey rocks themselves, £is 
it would be evident on reflection that such could not be the case, 
“ the metamorphism of the Anglesey rocks having taken place after 
the deposition of the Lower Silurian strata.” Our contention, on 
the other hand, is that the fragments of granitoid and compact 
quartzose rocks, and the chloritic and mica-schists &c., are identical 
with rocks in Anglesey which now underlie the conglomerates in 
which they are included ; and hence that these rocks, instead of being 
metamorphosed “ after the deposition of the Lower Silurian strata,” 
were in their present condition even before the Cambrian rocks 
were deposited, and are therefore clearly to be classed as of Pre- 
Cambrian age. The average test, as applied to the conglomerates 
of St. David’s by Prof. Geikie, could be used here greatly to our 
advantage; for instead of quartz 2 )ebbles and quartzites forming, as 
he claimed they did there, over bO per cent., we may safely say that 
rocks of undoubted local origin form here more than 90 per cent, of 
the fragments. It must be understood, however, that as we consider 
the basal conglomerates to have been deposited along old shores, 
the percentage of any special rocks must vary much even within 
very limited distances. This must always be the case with basal 
beds where the rocks which are being denuded vary in their 
character, and when currents and other influences affect the drift 
of the shingle. Nothing can be more fallacious, therefore, than 
to select pieces of conglomerates from one or two jioints, and make 
the average of the pebbles in these applicable to a whole district. 

Bangor and Caernarvon. 

The conglomerates in contact with and lying directly along the 
east side of the ridge, composed of granitoid rocks and quartz felsites, 
which extends from Caernarvon to Bangor, have been so frequently 
referred to in papers by Prof. Hughes and Prof. Bonney that very 
litth'. need be added concerning them. The evidence as to their 
having been derived by denudation from those rocks has been 
accumulating every year since the first papers on these rocks by 
Prof. Hughes and myself were read. An unusually good exposure, 
however, of the quartz-felsite conglomerate at the cast entrance of 
the west tunnel, is now being made in consequence of excavations 
for widening the siding room. The pebbles here are of very large 
size, and particularly well rounded, and all the varieties exhibited by 
the underlying quartz-felsites may be found*. Fragments of the 

♦ These quartz-felsites have been shown by Prof. Bonney to be true rhyolites, 
and were so indicated by him in his appendix to Prof. Hughes's paper read 
Dec. 1877. 
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Pebidian (Bangor) beds are also plentiful, and it is interesting to 
note that here, as in South Wales, the porcellanites of that series are 
found in exactly the same condition in which they now occur in 
the beds in the neighbourhood. This, to my mind, proves conclu- 
sively that the change in the Pebidian rocks had taken place to the 
extent now observed before the basal Cambrian conglomerates were 
deposited upon the Pebidian rocks, as these porcellanites are un- 
doubtedly rocks of dctrital, and not of volcanic origin. Specimens 
Nos. 13 and 14, described by Prof. Bonney (p. 205), are from the 
conglomerates on the shore of the IMcnai Straits, south of Garth 
Ferry, and they are interesting in showing that the spherulitic 
(juartz-porphyries here, as at St. David’s, formed a part of the Pre- 
Cambrian ridge*. I did not happen to meet with any typical 
fragments of the Dimetian at Bangor, but in the conglomerates 
at Dinas Dinorwig, east of Llanddeiniolen (see Section, fig. 2), 
which is about halfway between Bangor and Caernarvon, I was 
fortunate enough to meet with many pebbles of most ty[)ical Dimetian. 
These conglomerates are mentioned by Sir A. Kamsay as among the 
lowest Cambrian beds of the district, therefore the evidence of their 
position is not disputed. Two of these ])ebbles, Nos. 10 and 11, are 
described by Prof. Bonney (p. 204) f. The other fragments in 
this conglomerate are mainly quartz-felsites as at Llanddeiniolen, 
where they rest directly on the quartz-felsites (Dinorwig beds of 
Prof. Hughes). In the Cambrian conglomerates, about a mile 
further south, on the road to Pont Itotheil, I also found fragments 
of the typical Twt Hill (Dimetian) rock (no. 9, p. 203), and the 
associated fragments were again like those of Dinas Dinorwig and 
Llanddeiniolen. The Cambrian conglomerates on both sides of the 
(|uartz-felsites of LI}’!! Padarn were described in my former paper, and 
specimens deposited in the Society’s lluscum. Further examination 
of these conglomerates has proved conclusively, as I had previously 
stated, that they are mainly derived from the quartz-felsite ridge. I 
examined the conglomerates at Bettws-Garmon, about four miles 
south of Llyn Padarn, on the east side of the ridge, and here also the 
pebbles were mainly quartz-felsites and fragments of Pebidian rocks. 
I also reexamined the great conglomerate at Moel Tryfaeu, and in 
this I found bits of Dimetian as well as the usual fragments which 
have been described as characteristic of this basal conglomerate. 
The masses of Pebidian rocks in this conglomerate arc very large, 
some of the porcellanites being from 8 to 1 0 inches across. The felsite 
pebbles are also of large size. This conglomerate is undoubtedly the 

* In the clisciiBsiononProf. Geikie’s paper Mr. T. Davies mentioned t hat large 
pebbles of the well-known spherulitic quartz-felsite exposed in the Church-school 
quarry at St David’s occurred in the specimen of the Cambrian conglomerate 
which I had some years previously presented to the British Museum. These 
quartz-felsites at St. David’s are stated by Prof. Geikie in his pa|3er to be peri- 
pheral quartz-porpbyrios to what ho calls the mass of intrusive granite (Dimetian), 
and are therefore claimed to bo A ery much newer than the Cambrian conglo- 
merates, which actually contain the rolled fragments of the rocks themselves ! 

t Prof. Bonney has described in a previous paper a fragment of Dimetian from 
the Llyn Padarn Conglomerate. See Quart. Journ. Geol. Soc. vol. xxxv. p. 316. 
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basal conglomerate, from its position under tho lowest purple slates, 
as worked in . the Alexandra quarr)% in the district. The con- 
glomerate is marked as altered Cambrian in the Survey maps. 1 
examined the conglomerate also on the west side of the ridge about 
Glyn-Llifon, and there also recognized clearly that the conglomerates 
were mainly the result of the denudation of tlie Tebidian and qiiartz- 
felsite rocks of the area, with occasional fragments of Dimetian. 

That there may be no possibility 
^ of doubt, as to the meaning of the 



interpretation given by the Sur- 
veyors in their latest remarks on 
the so-called intrusive masses 
marked on their maps which we 
claim to l)e of Pre-Cambrian age 
in Caernai'vonshiro, I quote the 
following explicit passage from the 
last edition of the Survey Mernoii*, 
voL hi. p. 2(K) (ISSl ) : — On Twt 
Hill the rock consists of a mixture 
of felspar and quartz, forming a 
distinct binary com])ound such as 
was once called granitella, and is 
now often called aplitc or granu- 
lite. Hut for tlie absence of mica 
it would be a true granite. 

“ Xear Hrithdir, a mile and a 
hall* south of Menai Bridge, the 
continuation of the crystalline 
mass is a purple (]uartz-pori)hyry, 
and nearer the bridge a quartz- 
])or])}iyry much resembling that of 
Ilyn i'adarn hi the pass of Llan- 
heris. Between these points and 
Caernarvon, though much of it is 
a (juartz-porphyry, it is not always 
easy to give it a definite name; for 
though still com])osed of felspar 
and quartz, it sometimes passes 
into a rndcOy foliated rock rising 
here and there in bosses through 
the glacial didiris tliat fills the 
hollow. And yet though it nevor 
perhaps deserves the name of 


. gneiss, to me it sometimes con- 

^ ^ veys the impression of stratified 

rocks in a very .advanced stage 
of metamorphism, which for the most part may have originally 
consisted of the Cambrian strata that lie between Bangor and Dol- 
deilo, and perhaps of some of the Silurian strata that border it from 
Dol-deilo to Caernarvon. This may possibly be explained on the 
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hypothesis of the metamorphic alteration of the stratified rocks in 
part, as at Twt Hill, beyond the point of fusion, and while the whole 
lay deeply buried under overlying strata during part of the Lower 
Silurian c])och. When compared with the porphyry of Llyn Padarn, 
it often exhibits more free silica, and in lithological character, as a 
whole, it may be said sometimes to come between the quartz-porphyry 
of Llyn Padam and the imperfect granitic rocks of Anglesea.’’ 

Conclusions, 

As fragments of the Twt Hill and Anglesey (I)imetian) rocks, and 
of the typical quartz-porphyries and quartz -felsites mentioned in the 
foregoing quotation, have been discovered in abundance in the basal 
conglomerates of the Cambrian, in the immediate vicinity of those 
rocks, there cannot remain, at least to my mind, the shadow of a doubt 
that those rocks in the condition in which they are now found in 
those areas were there in Pre-Cambrian times ; and therefore that 
the views of the Surveyors of their being metamorphosed Cambrian 
and Silurian strata, or intrusions posterior to the deposition of those 
strata, arc most erroneous. 

Finally I must state that I am truly sorry that I liave l)Ocn 
compelled to draw further attention to so many points wliich I can- 
not characterize otherwise than as serious blots on the maps of the 
Geological Survey. It must, however, be })orne in mind that much 
of the older work of the Survey was done' before the great im- 
portance of the microscope as an aid in the study of rocks was 
recognized. 

1 have been driven to do this because in the Memoir referred to 
we ar(} charged with claiming these rocks as Pro-Cambrian on “purely 
theoretical grounds ’’ (p. 199) ; and also because in the attack made 
by the present Director General of the Survey on my St. David s work 
he lias ohli(picly attacked also my Avork in iShirth Wales. 1 shall 
shortly lun^e very niucli to say on the main questions, whore they 
refer specially to St. David’s. But as I have not had an opportunity 
of revisiting that district siniie the publication of the paj)er in the 
Journal, I thought it advisable to lose uo time in hriuging these facts 
before the Society from the only areas I have simie been able to 
reexamine. In self-defence I have had to show that work to 
wdiich others as wx'll as myself have devoted years of study in the 
field, and with aids which recent scientific knowledge has suggested, 
has a good and solid foundation, and that it has not been built 
up lilce a house of cards to ho demolished by the first storm of 
opposition. Moreover, if the work has cost us so much labour, we 
can hardly be expected to allow these rocks and the names we have 
suggested for their definition, which have, to our minds, meanings of 
some importance, to he so easily “ dropped out of geological literature ” 
— as it has been suggested they should be by the present Director 
General of the Geological Purvey. 

For the Discussion on this paper, sec p. 207. 
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12, On some RooK-sPECiMENa collected hy Dr. Hicks in Anglesey 
mid N.W. Caernarvonshire. By T. G. Bonnet, D.Sc., F.B.S., 
Sec.G.S., Professor of Geology in University College, London, 
and Fellow of St. John’s College, Cambridge. (Head December 5, 
1883.) 

This series of specimens, which has been entrusted to me by Dr. 
Hicks for description, appears to me of the very first importance as 
throwing light upon the relations of the earlier rocks of North 
Wales. By his fortunate discover}^ he has welded, if the ])hrase bo 
permitted, the last link in the chain of evidence which demonstrates 
the existence of Archaean rocks in that region. I propose, then, 
in addition to giving a description of the microscopic structure of 
the slides which he has had prepared, to offer a few remarks as to 
the significance of these structures and their bearing on the general 
question. But as some of the slides closely resemble specimens 
which have already been described at length by Mr. T. Davies and 
myself*, I shall not feel it necessary in every case to enter into 
very minute details, unless they appear to me of some special im- 
portance. 

(1) Bailway-<utt{ng east of Llanfaeloy , — The rock-specimen is a 
very characteristic representative of the pale-coloured granitoidite f 
from this neighbourhood. Its peculiar subcompact aspect distin- 
guishes it readily from a normal granite, the quartz and the felsj)ar 
appearing to the eye as if imperfectly separated one from the other. 
Parts of the specimen have a greenish hue, as if tinted by a mineral 
which varies from a yellowish to a pale dull green. Hmall scales of 
silver}^ mica and cn stals of pyrite arc visible. Under th(i micro- 
scope the slide is seen to consist mainly of (|uartz and felspar, the 
former predominating. There is no marked foliation in the strict 
sense of the word ; but in the irregular, ill-defined outline of the 
felspar, the aggregation of the ejuartzes, and what I may call the 
confused mottled look ot the slide when the polarizing apparatus is 
used, the rock presents more resemblance to a gneiss than to a 
normal granite. But as it evidently has been much crushed and 
subsequently receraented by secondary quartz and a minute scaly 
colourless mineral (probably a hydrous mica), it is difficult to decide 
what value may be attached to its present aspect. All that it is 
safe to say, with our present knowledge, is that the onm prohandi 
lies on those who affirm it to bo a granite. In general aspect it 
corresponds with the more granitoid specimens of such ancient 

1878^^ P®^gcs of this Journal and the Gool. Mag. at various times sincse 

T of this term see Quart. Journ. Gcol. Soc. vol. xxxv. p. ,‘122. 

1 admit Its inelegance, hut, as no one proposes a better, must continue to use it. 
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gneisses as I have examined. The quartzes are rather full of minute 
cavities, often irregular in form ; some of these appear to he empty, 
and look as if coated by a dusky pigment ; others, however, contain 
small moving bubbles. The felspars are rather decomposed, and 
contain minute “ flecks ’’ of a pale filmy mineral ; but probably 
orthoclase and a plagioclase with rather small extinction-angles are 
present. In these and in all other respects the rock agrees with 
specimens already described. 

(2) Railway -cuttinc/ near Llanfaeloy, to show Change of Colour from 
Decomposition, — The less altered parts of the specimen show this to be 
another variety of granitoidite, having a little more of a dark mica- 
ceous constituent and being a shade more definitely crystalline. The 
rock has evidently been greatly crushed in situ, the felspar being in 
places absolutely pulverized, and the quartz grains broken through 
again and again. Along these fissures, and in certain cases laterally 
also, water has evidently percolated, converting the crushed felspar 
into kaolin, and depositing stains of iron peroxide. 

(3) Railway -cutting near Llanfaelog, — This rock is identical with 
one which I have already described (Quart. Joum. Geol. Soc. vol. 
XXXV. p. 305, &c.). Were no controversy involved, it would, I 
think, be accepted without hesitation as a gneiss, so closely does it 
resemble specimens from the oldest Archaean gneisses in various 
parts of the world. The quartzes contain, as in the preceding 
slides, the same minute enclosures, among which are small fluid 
cavities with tiny moving bubbles. There is, as usual, a closely 
twinned plagioclastic felspar, and, I think, a little microcline. Mica 
is more abundant than in the other two specimens. Most of it has 
been a black mica, but it is now much altered,- having been replaced 
by a viridite or a minute chloritic mineral, by flecks of a colourless 
mica like paragonite, and by others that are rendered opaque by a 
black staining. This rock gives indications of crushing, but not to 
the extent of the others. 

(4) and (5). Sections cut from the Fehhles in a specimen of Conglo- 
merate from the north end of Llyn-fadog, — The one pebble is 1| inch, 
the other about 2| inch in longest diameter, both being well 
rolled. (4) is a fragment of rock macroscopically and microscopically 
in aU important respects identical with (3), while (5) is more nearly 
allied to (1) and (2). Even the quartzes, with their numerous 
minute inclusions and fluid-cavities, correspond ; and there are the 
indications of local crusliing already described. The slide cut from 
(4) also includes a portion of the matrix. This is composed of 
angular and subangular fragments, mingled with, and sometimes 
imbedded in, a black dust, which probably to a large extent consists 
of an iron oxide. These fragments are mostly quartz and felspar ; 
the former exactly resemble the quartzes in the three preceding 
specimens ; the latter are probably derived from similar rocks. A 
micaceous mineral, exactly like that described in (3), is also present. 
With these occur some fragments of a different nature ; one is a 
slightly felspathic quartz-grit, with a little of a minute chloritic 
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mineral ; others appear tx) be a kind of argillite ; one or two may be 
littTe fragments of a mica-schist, and another possibly a decomposed 
rhyolite ; but of these, without a larger number of slides, I cannot 
speak quite confidently. 

(6) Another specimen from the same conglomerate, with same 
matrix as above, and part of a pebble about i inch diameter. The 
latter is a granitoidite, and, except that it has rather more quartz, 
very closely resembles one of tho paler varieties of that rock col- 
lected by myself near Llanfaelog (loc, ciL p. 307, no. vii.). 

(7) Bryn Golmon, east of Llanerchymedd. — A pale purplish 
quartzose compact rock, to which one might, well apply tlie name 
“ hiilleflinta.” On close examination it has a ratlier brecciated 
aspect. Under the microsco])e it is seen to be a fine-grained quartz- 
schist, foliation being indicated by the clongat x'd form of the quartzes 
and by the general direction of minute films of a ])ale green mineral, 
probably a mica. Ihc quartz contains numerous very minute 
cavities, generally, I believe, empty, though in one or two 1 think 
I detect bubbles. There is also more or less of an almost colourless 
granular dust, probably the residuum of a felspatbic mineral. The 
rock has considerable resemblance to one which I have described 
for Ur. Callaway, from Jiodafon mountain ((luart-. Journ. Gool. Soc. 
vol. xxxvii. p. 233, no. 2iK Compare also no. 25). There are 
indubitable indications of a fragmental structure, the fragments 
being more or less outlined by a black dust, some showing a dis- 
placement by the dirccti(m of tli(‘ir foliation-idanes. "Without a 
larger number of sp(^cimens I cannot ])Osilively say whether this is 
a remanie quartz-schist or one broken ta si fir by crushing ; but so 
far as I can judge, I strongly incline to tho latter view. 

(8) Fraymeni of Conylomcrate, TAyn-faeloy. — The slide includes a 
portion of a subangular pebble*, about i inch diameter. This con- 
sists of grains of quartz of rather irregular outline, with the usual 
inclusions, and one crystal of white mica : no felsjiar is included in 
that portion seen on the slide. The pebble is probably from one of 
the more quartzose i)arts of the granitoidite^ In the^ matrix are 
two or three fragments of a similar but less coarse rock, which con- 
tain kaolinized felspar. Others, yet finer, resemble the more quart- 
zose portions of a mica-schist. There is much material in the 
matrix which resem])lcs the detritus of a mica-schist, with one 
fragment of this I'ock, consisting of ejuartz vitli a white and an 
altered brown mica, the latter being more or less replaced by 
chloritic minerals. I cannot precisely match this schist with any one 
that I have yet examined from Anglesey. It is not one of the dull 
lead- or green-coloured schists of the Holyhead district, but more 
resembles a mica-schist which occurs near the Menai Bridge. Litho- 
logically, however, it might very fairly be grou])ed with the schists 
either to tho north or the south A fragment of argillite is pre- 

* The aspect of the matrix in the block from which the slide is cut (about 
oIX4xlI inches) would, however, lead me to believe that tho dull greenish or 
lead-coloured schists near Ty-croes had contributed to the materials. 
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sent, which has been broken across twice and, as it were, faulted 
by subsequent pressure. 

(9) Cambrian Conglomerate from Pen-y-Oaer^ Pont Bothell, Caer- 
narvonshire, — Pebbles well rounded, about as big as peas, many of 
them evidently the usual quartz-felsite (old rhyolite), a few paler 
and rather granitoid in aspect, matrix dull green. One of the latter 
pebbles is included in the slide. It is a crystalline mixture of quartz 
and felspar ; the former occurs in larger irregularly outlined grains, 
with a rather corroded look at the edge ; the smaller are rounder in 
outline, and interrupt the felspar crystals. This mineral is rather 
decomposed, but orthoclase and microclino arc recognizable. The 
structure is a perplexing one ; ccrtainl}^ it is not that of a normal 
granite, but it is not iinlilic thjit of some vein -granites, so that at 
present we must remain uncertain as to the true nature of the rock. 
In structure it is more nearly allied to the specimens from Twt Hill 
than from Llanfaelog, the former rock, in one or two respects, 
approaching a little nearer to the characteristics of a true granite. 
Besides this the slide shows well-rolled fragments (a) of a rhyolite, 
exactly resembling that so often descri]>ed in my ])apcis on the X.W. 
of Wales, (?>) of a rock of the same class, but with a less clearly marked 
fluidal structure, and rather numerous blackish belonitcs ; both 
contain the usual crystals of quartz and felspar. The smaller frag- 
ments, so far as they can be identified, consist of numerous bits of 
rhyolites (some black and slaggy-looking, some containing abundant 
elongated crystallites of felspar), together witli broken quartz and 
felspar. Among these, often as a kind of setting, and sometimes 
penetrating into cracks in the fragments, is a green chloritic mineral, 
feebly dichroic, and with but little depolarizing power, probably 
the altered detritus of a ]iyroxenic mineral. One of the fragments 
contains a patch of two of it. 

(10) Ajyehhle obovt 1| inch long, from Cambrian Conglomerate, 
Dinas Dinorivig, — Iho slide shows this to be a granitoid rock, con- 
sisting of quartz, felspar, and a green mineral. The usual inclusions 
are noted in the quartz ; tlie felspar is rather decomposed, but 
orthoclase, microclino, and allhie (?) are present, l^art of the green 
mineral is hornblende, the rest is a chloritic mineral, probably 
replacing it. The reinarks made about the granitoid rock in (9) 
apply to this specimen, which only differs in the larger proportion 
of the green mineral. 

(11 ) Cambrian Conglomeraic from Dinas Dinorivig, containing a 
well-roUed pebble about 1 inch diameter, similar to the last. The 
microscope shows the ap]i?irent idtuitity to be real. The matrix is 
largely composed of rhyolite in rolled fragments, one of them exhi- 
biting minute spherulites wit h irregular edges ; quartz, felspar, a 
chloritic mineral, and an iron peroxide are also present. 

The contents of these throe slides prove that either a district of 
Archaean rock supported the rhyolitic volcanos, or the latter had been 
gashed by denudation to their crystalline cores when the conglo- 
merate was formed. 
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(12) Pebble ^rom (Umbrian Conglomerate, Moel Ti^faen , — This is 
not in a condition very favourable for examination, but it appears to 
be one of the above-described granitoid rocks, with its felspar 
much decomposed, which may have been crushed and recemented 
before it was broken away from the parent rock. 

(13) and (14). Pebbles from Cambrian Conglomerate by shore of 
Menai Straits, west of Garth , — These specimens are from rounded 
pebbles, each rather more than 2 inches long. They do not differ 
greatly to the eye, and might be readily taken for a granitoid rock, 
but are really a rather spherulitic (juartz-felsite, containing, por- 
phyritically, quartz and felspar. The former sometimes occurs in 
rounded grains, sometimes shows moderately perfect crystal angles. 
Inlets and enclosures of the devitiified matrix also occur. Cavities 
are fairly numerous and of moderate size, the majority containing 
bubbles, which occupy about one eighth of their volume. The fel- 
spar is rather decomposed, but orthocLise and a plagioclase, with 
rather small extinction-angles, may be recognized. The spherulites, 
which occupy the greater part of the mass, are not very shaiqily de- 
fined, and appear to consist mainly of felspar. The black cross is 
very indistinct, but they exhibit a structure which, so far as my ex- 
perience goes, is rather rare, namely, that considerabh* ])ortions of a 
spherulite give, with the nicols, a nearly uniform tint, as though 
the usual “sheaf of crystallites had been replaced by a single 
cr}’stal. Possibly tliis is analogous to the common change in calcite, 
when a mass originally crv])tocrystalline assumes an ordinary crj’s- 
talline structure. The only markedly s]>herulitic rock which I know 
to occur in situ in the district is at Tan-y-!Maes, near Port Dinorwig*, 
where is one which is quite as good an example as the well-known 
instance at the School House, St. David's. To this, macroscopically, 
these pebbles bear a great resemblance, but in tlie Tan-y-Macs rock 
the radial structure ol the spheriili1e.s is more perfectly developed, 
and the fluid-cavities are lewer and smallcT. 8till 1 have little 
doubt that these pebbles have been connected with the great masses 
of rhyolitic lava from u hich the conglonu'ratcs of the district have 
derived so much of their materials ; though from y\ liat I know of 
spherulitic structure, 1 should think it more luobable that they (like 
the rock at Tan-j-Maes ) have been formed from a dyke or a part of 
a flow, cooled before reaching the surface of the ground. 


To the above description of Dr. Hicks\s specimens I shall venture 
to append a few remarks as to the nature of the evidence for the 
existence of representatives of the Archman series in North Wales ; 
because, as it appears to me, some geologists are unable to realize 
how strong it is, and regard the question as a still open one. This 
perhaps is due to the fact that, ]>artly oAving to the novelty of the 
investigation and partly to the nature of the case, the evidence can 
only be appreciated by those who have devoted themselves to its 


* Geol. Mag. dec. ii. vol. vii. jj. dOl. 
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study. Lithology, now that the microscope has become an essential 
in the study, maies its appeal not ad populum but ad derum. It 
is quite true that in this, as in every rapidly progressing science, 
the most qualified experts are not infallible ; mistakes have been 
and will continue to be made; there are many points on which 
cautious observers are obliged to speak with hesitation ; but there; 
are far more on which no one who has worked steadily for some 
years, both in the field and with the microscope (for the two methods 
of research are inseparable), feels the slightest doubt*. 

With regard, then, to the existence of Archaean rocks in Wales, 
the following summary may, I think, fairly be given of the results 
of the investigations up to the present time : — 

(1) If there be any signs by which a rhyolite, produced by a 
Tertiary or still active volcano, can be recognized, then the great 
mass of “felstone” about Llyn Padam and that between Port 
Dinorwig and the neighbourhood of Bangor exhibit these, and only 
present such differences as can be explained by their greater anti- 
quity. While I will not assert that it is always possible to dis- 
tinguish between an igneous rock which has once been a subaerial 
lava and a rock of the same chemical composition when it has soli- 
dified under the surface of the ground, i, e, between some coulees and 
some dykes, yet, upon consideration of the whole question, I have 
no doubt whatever that these felstoncs are old lava-flows. 

(2) That the pebbles in the masses of conglomerate (be these 
one or, as I think, more than one in number) mentioned in this and 
other papers on the district t are fragments of old rhyolite (in some 
cases, perhaps, bits of scoria), and that they have either been derived 
from extensions of the above masses or from rocks in all essential 
points identical and contemporaneous with them. 

(3) That in the present state of our knowledge it is difficult to 
decide whether the granitoidite at Twt Hill and Llanfaelog is an 
igneous or a metamorphic rock. If the former, it is a rather ab- 
normal granite ; if the latter, metamorphism could hardly go much 
further. This difficulty, however, is not peculiar to these Welsh 
rocks ; it exists also at the Wrekin, at Malvern, in the north-west 
of Scotland, in the Alps, and in many other parts of the world. In 
short it is one likely to confront us wherever the most ancient group 
of metamorphic rocks (call it Laurentian, Hebridean, Malvemian, 
Fundamental Gneiss, or what not) presents itself for examination. 
In Anglesey,* however, as in most of the above localities, this granitoid 

^ It would be thought unreasonable to reject the conclusions of palseontolo- 
gists relating to stratigraphical geology because they cannot always decide with 
certainty upon the species or even the genus of a fossil, or because such forms, 
for instance, as Stromatopora, Calccola^ and Hippurites have oscillated between 
different classes or even subkingdoms of the Invertebrata. Put the geologist 
who settles difficult questions in petrology without an appeal to the microscope, 
is certainly, to say the least, as unreasonable as one who fifty years since had 
solved stratigraphical problems without regard to fossils. 

t See Quart. Journ. Geol. Soc. vols. xxxiv., xxxv., xxxix. s. v. Hicks, Hughes, 
and the author. ’ 
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rock is in close association with indubitable coarse gneisses of the 
oldest tj^pe, and seems to be inseparable from them. 

(4) That the Anglesey granitoid rocks and some at least of the 
schists had assumed in all important respects their present mineral 
condition when the conglomerate of Llanfaelog (which, if not Cam- 
brian, must at least be extremely low in the Ordovician *) was 
formed, and that some fragments in the basal Cambrian conglo- 
merate of the Llyn Padarn district were derived from a rock sub- 
stantially identical with that of Twt Hill, where also a conglomerate, 
certainly not newer than basal Cambrian, rests on the granitoid 
rock itself t. The only conceivable alternative hypothesis (which 
is inapplicable to the last instance) is that these granitoid blocks 
were portions of fundamcjital rock ejected among the ash and scoria 
by very early Cambrian volcanos : and this, 1 think, could hardly 
be seriously entertained by any one v ell acejuainted with the cir- 
cumstances. 

(5) That when the conglomerates so often referred to by I)r. 
Hicks, Professor Hughes, myself, and others, wen^ formed, there 
existed in the neighbourhood eiiher (o) a tract or tracts of Archman 
rocks upon which groups of volcanos (‘jecting rhyolite had been built 
up ; or (?/) that an ancient volcanic district had previously been in 
places so deej^ly gashed by agents of denudation that the granitic 
cores of some of its extinct cr.aters were already exi)osc‘d ; and on a 
re^dew of all the circumstances, J think the former far the more 
probable,- for the latter takes no account of the schists which have 
contributed to the conglomerates of Anglesey and, to some extent, 
of Twt Hill. Put in eitber case we are forca^d to the conclusion 
that between the comnKmcement of the sequence of sediments wliich 
all agree in calling Cambrian, and the formation of certain lavas and 
schists and granitoid rocks, then^ was a distinct interval of time, 
which, in the case of some of these, must have been a very long one. 
Hence it folio that we are fully justified in asserting the existence 
of Archaean rocks in North Wales, even if we admit that the rocks 
immediately below the conglomeraie, taken by J)r. Hicks and I’rof. 
Hughes as the base of the Cambrian, are not separated from it by 
so wide an interval as, perhaps, some authorities would demand; 
for, if the granitoid rock at Twt Hill and all at Llanfaelog he granite, 
it must certainly be Pre-Camhrian in date ; and if a nietamor])hic 
rock, it must he referred to the oldest known Archmans — the 
“ Pundamental Gneisses.’’ 

* It is coloured Lower .Silurian on the Survey Map; but this was issued 
prior to Trof. Hugheses identilieation of 'J’reiuadoc and Aren ig rocks consider- 
ably above the conglomerates of Anglesey. Quart. tToum. Geol. Soc. vol. xxxvi 
p. 239. 

t The one which I en-oneously refern*(l to the Archawin scries, enlertaining 
opinions as to the action of selective melaiiiorjdiisiri wliich 1 now see cannot be 
.>0 readily assumed. I think, however, the exact ])osili()]i of thi* conglomerate 
18 open to question, but that at any rat^ basal Cambrian ” is the latest possible 
date that can be assigned to it. Sec CleoL Mag. dec. ii. \ ()1. ix. p. 18. 
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Discussion. 

Mr. Ltdekker remarked on the similarity of those rocks to those 
in the Himalayas. But in that district it was certain that a Pre- 
Camhrian rock, which siipxdied x^ebhlcs to the Palaeozoic schists, 
could not in many cases he distinguished from granitic intrusive 
rocks of post-Silurian age. 

Mr. TorLEV said that the Director-General of the Geological 
Survey had dealt in his pa|)er Avith the St. David’s area, and was 
not hound to follow Dr. Hicks into the collateral issues he had 
raised. He said that Sir A. llainsay had fully described these beds 
of conglomerate, and had stated that the metamori)hic and granitic 
j)ebhles, though ax)parently derived from the rocks of the district, 
were not of local origin, as ho considered there w^as evidence to 
X)rove the later metamorphism and intrusion of the rocks. The 
speaker stated that the Cambrian quartzose conglomerate of St. 
David’s was ver}' ditferc^nt in character from that now described, 
and ho invited Dr. Hicks to x>reduce i)ebbles of the St. David’s 
Dimetian from that conglomerates 

Prof. Seeley said that Sir Andrew Jlamsay had recognized the 
presence of pebbles in the Cambrian conglomerates as proof of the 
existence of rocks older than the Cambrian ; and he had also de- 
scribed an actual passage in Anglesey by metamori)hism through 
schists into true granitic rocks. In these Aorth-Welsh areas the 
succession of a central mass of granite surrounded by felsite, with 
ashes further away, Avas so like the condition described by Professor 
Judd in the central masses of the Gram])ians, that he asked Avhether 
Prof. Judd’s interpretation of the Scotch areas might not a]3i)ly in 
\yales. And Avhen there were no ashes, he thought the granitic 
and lelsitic rocks Avere situated in those Pre-Cambrian masses as 
they Avould bo if due to metamorjdiism. The denudation of such 
rocks might have furnisln'd the ])ebbles described. 

Mr. Mark said that Prof. Sedgwick had recognized the fact that 
his Cambrian strata Avere underlain by older de]30sits. He denied 
the existence of metamoipliism in the conglomerates — such meta- 
morphism, e, ?/., as tliat described by lleusch in the conglomerate of 
Norway. He insisted on the exact similarity between the x)ebble8 
of the conglomerates and the different varieties of Pre-Cambrian 
rocks in the immediate neighbourhood. 

Dr. Hicks agreed with Mr. Marr that the existence of Pre-Cam- 
brian rocks had been recognized by Prof. Sedgwick. He admitted 
the great value and import aiice of Sir A. Itamsay’s Avork in North 
Wales. He had not evaded the question as applying to the St. 
David’s area, but Avould very shortly deal Avith it, and bring forward 
also from that area evidence as conclusive as that Avhich he now 
placed before the Society from North AV ales. The Director-General 
and his assistants were entirely wrong in their conclusions about 
the St. David’s conglomerates. 

Prof. Bonney said he thought that it was not so difficult as Mr, 
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Lydekker supposed to distinguish between the more ancient and 
modem granitoid rocks. But the objection raised did not apply to 
North Wales, where we have no later intrusive granites. He ex- 
l^essed his high regard for the work of Sir A. Eamsay ; at the same 
time he must protest against appealing to authority in the discussion 
of questions, when, since statements had been made, new methods 
of investigation had been devised and knowledge greatly increased. 
Dr. Hicks had been attacked generally as well as particularly, and 
he had a right to choose on what issue he would first reply. He 
did not see how the argument of Prof. Seeley bore upon the question 
at issue. 
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13. Petrological Notes on some North- op-England Dykes. By 
J. J. H. Teall, Esq., M.A., E.G.S. (Bead December 19, 
1883.) 

[Plates XII. & XIII.] 

The object of the present paper is to give a petrological account 
of some North-of-England dykes. The specimens on which the 
observations are based were mostly collected by myself during the 
winter of 1881-82 ; a few, however, were given me by Prof. Lebour 
and other friends. 

In the microscopic work I have derived great assistance from my 
friends Mr. I’ Anson of Darlington and Dr. Trechmann of Hartlepool. 
To Mr. I’Anson I am indebted in another way : for he kindly handed 
over to me the analysis of the Great Ay ton rock which was prepared 
for him by Mr. Stock. My indebtedness to the latter gentleman, 
and also to Mr. Stead of Middlcsborough, will appear in the sequel. 
Without the valuable chemical work communicated by these gentle- 
men my paper would indeed be incomplete. It is no part of my 
purpose to describe the mode of occurrence of these dykes, and 
therefore the general course of each is indicated mainly by reference 
to works already published. One or two new facts of importance 
are, however, given ; especially in relation to the dying-out of dykes 
beneath the surface. 

The dykes are first of all described in the order of their occurrence 
from south to north, and ac the conclusion of the paper some general 
remarks on their mutual relations are given. 
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This dyke crosses the following one-inch Ordnance Maps: 95 N.W.; 
96 N.E. ; 104 S.W. ; 103 S.E. and S.W. ; 102 S.E., N.E., and N.W. 

Before proceeding to describe the petrological characters of this 
remarkable dyke, it will be necessary to give some account of its 
mode of occurrence ; this account will be compiled mainly from the 
works cited above. The most easterly exposure is near Maybecks 
on Sneaton High Moor, about six miles south of Whitby. Erom this 
point it may be traced, with occasional interruptions, in a W.N.W. 
direction by Silhowe Cross, Egton Bridge, Ainthorpe, Castleton, Com- 
mondale, Kildale, Eastby Moor, Kye-hill, and Ay ton to Nunthorpe 
in the vale of Cleveland. At Maybecks it is 18 ft.* in thickness 
and at Silhowe Cross, 30 ft. At Great Ayton it is 80 ft.t thick at 
the base and 20 ft. at the top, which is 350 ft. higher. Throughout 
that portion of its course described above, a distance of over 20 miles, 
it is intrusive in Oolite and Lias, and the adjacent rocks are in many 
cases much altered. At many parts of its course the dyke forms a 
conspicuous feature in the landscape, as, for instance, on the Moors 
east of Silhowe Cross and at Cliff Ridge near Aj’ton. West of 
Nunthorpe it may be traced by Stainton and Preston to Coatham Beck, 
near the village of Elton, in the county of Durham. Between Nun- 
thorpe and Stainton it is shifted about half a mile to the south ; and at 
Preston it makes an abrupt bend at right angles to its usual direction. 
West of Cotham there is no exposure until we reach a point about 
a mile east of the village of Bolam (Ordnance Map 103 S.W.). In this 
interval the Magnesian Limestone occurs, so that the dyke is nowhere 
seen in contact with that formation. From Bolam it may be traced 
by means of surface outcrops and colliery workings to Cockfield Fell. 
Near the village of Bolam it expands laterally in the form of a “ sill 
or bed which is approximately parallel with the stratification, and 
attains a width of 200 or 300 yards. Mr. Howell, now Director of 
the Geological Survey of Scotland, was kind enough to conduct me 
to the various exposures in the neighbourhood of Bolam and Cock- 
field ; and it may be interesting to place on record one or two of the 
facts which we obsen’cd. At the time of our visit (Jan. 1S82) three 
quarries were being worked in the neighbourhood of Cockficld ; and 
in the most easterly of these we saw a i>henomenon which must bo 


1- — Dyinfj-out of Dyke in Quarry near Coclcfidd, 



♦ ‘ Yorkshire Lias/ Tate & Blake, p. 210. 
t Middlesborough Handbook, p. ,bU. 
t IllustraUonsof the Geology of Yorkshire, 3rd ed. p. 191. 
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of frequent occurrence, but which cannot very often be directly 
observed, viz. the vertical dying-out of the dyke beneath the strati- 
fied rocks. The whinstone was seen to terminate upwards very 
abruptly in the form of a low and somewhat irregular dome, over 
which the coal-measure shales passed without any fracture and 
only with a slight upward arching (fig. 1). 

West of this face and for a distance of about half a mile the dyke 
has been quarried, and its course is therefore marked by a deep 
trench. At one point it has been shifted laterally by a fault a little 
more than its own thickness. The next working-face is the largest 
one in the district. The width of the dyke at the time of our visit 
was 66 ft., and the depth of the working-face about 40 or 50 feet. 
Here the dyke was quite vertical. 

In the next quarry to the west, the width of the entrance was 
about 15 feet, and at the working-face, 170 yards further east, 29 feet. 
Here the dyke hades to the S.S.W. at an angle of 70°. The adjacent 
rocks are shales and sandstones, and the zone of alteration extends 
to a distance of 20 or 30 yards. At the north side of the main 
dyke, near the entrance to this quarry, is a narrow dyke, about 4 
feet wide, of similar material. 

West of this point the dyke does not appear at the surface for 
some distance ; but Mr. Howell informed me that it has been proved 
in colliery workings ; and there can be no doubt that the dyke cross- 
ing Woo^and Fell in an east-and-west direction, which can be traced 
to a point about 1 mile cast of Middleton, is the same one. 

The above facts prove that the dyke in question varies very much 
in thickness both in a vertical and in a horizontal direction, that it 
frequently dies out before reaching the surface, and that it is liable 
to lateral shifts. Absence of continuity in the outcrop is thus seen 
to be no proof of a want of continuity underground. 

Until (juite recently it has never been suspected that this remark- 
able dyke could be traced any further to tho west than the neigh- 
bourhood of Middleton. The work of the Survey, however, has 
rendered it almost certain that tho well-known dyke in the Eden 
valley, extending at intervals from the neighbourhood of Ren wick to 
Armathwaito, is a portion of the same igneous outburst. 

Between the most easterly exposure of tho Edcn-valley dyke and 
the most westerly exposure of the Cockficld dyke, near Middleton, 
no less than nine exposures, all lying very much in the same general 
direction, are now known. Mr. Howell was kind enough to mark 
these exposures on my maps, and I was thus enabled to visit two of 
them — one about mile north-east of High Force Inn, where the 
dyke crosses the Bowles Beck, at the junction of two streams, and 
another about one mile south of Tyne Head, where it is also seen 
crossing a stream. In both these exposures the rock presents the 
macroscopic and microscopic peculiarities about to be described. 

From Bolam to the edge of the escarpment overlooking the 
Eden valley the dyke is intrusive in the various members of the 
Carboniferous formation. In tho Eden valley it enters once more on 
Secondary ground. It has been traced by Ilenwick and Ruckcroft 

p 2 
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to Armathwaite, where it crosses the Eden at the weir about half a 
mile above the bridge. There are many good exposures in the 
neighbourhood of Armathwaite. Its thickness in the railway-cutting 
is about 18 yards. 

It thus appears that a d 3 ’ko having characters which arc constant 
and at the same time different from those of any other igneous rock 
known to me in the north of England may be traced at intervals 
from Maybecks in the east to Armathwaite in the west, a distance of 
about 90 miles ; that it keeps on the whole a general W.N.W. direc- 
tion but is liable here and there to lateral shifts and local deviations ; 
and that it may be seen in one place, and proved by colliery work- 
ings in others, to die out before reaching the surface ; so that in 
districts where it is not actually seen it may reason abl}' be supposed 
to exist underground. 

Doubts have been expressed as to the continuity of the Cockfield 
and Cleveland drkc's. Al'hcn, however, we see that the petrological 
characters of these two dvkes are not onl\' alike, as has been re- 
marked by Prof. Sedgwick and others, but also peculiar, a point which 
is, I believe, now insisted upon for the first time, there can, I think, 
be no longer any hesitation in admitting their continuity, especially as 
they follow each other very much in the same straight line. And if 
we admit the continuity of the Cleveland and Cockfield dykes, we are 
compelled by the same kind of evidence to regard the Armathwaite 
dyke as a portion of the same igneous outburst. 

What is the age of this dyke ? The latest formations intersected 
and altered by it are the oolitic sandstones of the Yorkshire moors. 
It must therefore be post-Jurassic. The only period subsequent to 
the Jurassic in which volcanic action is known to have taken place 
in Western Europe is the Tertiary, and especially the Miocene; 
and inasmuch as the dyke in question points by its direction to the 
north of Ireland, and west of Scotland, districts celebrated for the 
enormous development of Miocene volcanic rocks, we seem com- 
pelled to regard it as of Miocene age. 

It has been suggested by some that there may be a connexion 
between the Great Whinsill of Teesdale and the dyke in question. 
This seems to me in the highest degree improbable. There are 
marked chemical and physical differences between the two rocks 
even where, as at Tyne Head, they occur in close proximity, and 
where the Cockfield Dyke has in all probability cut through the 
Whinsill. The Whinsill is composed of a rock of more basic com- 
position and higher specific gravity than that of the dyke. It is 
moreover holocrystalline, whereas the dyke contains a considerable 
amount of imperfectly individualized matter. It is interesting to 
note that the Whinsill is similar in composition, structure, and mode 
of occurrence to the diabase (? dolerite) which is so extensively 
developed in the Triassico- Jurassic strata of Kova Scotia, Massa- 
chusetts, Connecticut, New Jersey*, Pennsylvania, and K orth Carolina, 
and which possesses throughout the whole of its enormous range, 

j ‘American Journal of Science/ 1874, ser. 3, vol. viii. p. 390 

andH. W. Hawes in the same Journal for 1876, vol. ix. p. 186. " 
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that is for a distance of 1000 miles, the same composition and 
structure. In a future paper I hope to give an account of the 
Whinsill, when these points will be more fully discussed. 

I now proceed to describe the rock of the Cleveland, Cockfield, 
and Armathwaite dyke. The facts recorded are based on the ob- 
servation of numerous specimens collected by myself at Ayton, 
Preston, Bolam, Cockfield, Bowles Beck, Tyne Head, and Arma- 
thwaitc. Many sections^ have been x)rcpared of the rocks from each 
of these localities, and several chemical analyses have been placed 
at my disposal by my friends Messrs. Stead and Stock. I have also 
made a large series of specific-gravity determinations. All these 
observations prove the essential uniformity of the rock along the 
whole lino of outcrop. 


Petr6lo(j}f of the Code field and jirmaihwaite Dylce. 

The rock is usually of a dark grey or bluish grey colour when 
freshly broken, but it becomes darker after exposure to the air. It is 
porphyritic in texture, and frequently, though not invariably, 
possesses a subcoiichoidal fracture. The porphyritic crystals are 
glassy-looking felspars, Avhich occasionally show on their cleavage- 
faces the striations due to repeated twinning. The crystals aro 
sometimes whole, sometimes fragmentary, the fragmentary condition 
evidently indicating that they were not developed where we now 
see them. Sections more or less parallel to the basal plane are 
usually long in proportion to their width ; whereas those which are 
parallel to the brachypinakoid have tolerably uniform dimensions in 
the different directions. These facts doubtless show that the crystals 
are less developed in the direction of the macro-diagonal than 
in the directions of the other two crystal axes. The sections, when 
mo£tsured across, vary from 1 mm. to 5 mm. These porphyritic 
crystals are distributed throughout the ground-mass with consider- 
able regularity along the whole length of the dyke. Three or four 
conspicuous ones usually occur on a square inch of surface, thus 
giving the rock of this d 3 dvc a definite macroscopic character, by 
means of which it can be distinguished from that of any other dyke 
known to me in the north of England. The ground-mass varies 
according as the specimen is taken from the margin or from the 
centre of the dyke. At the margin and for a few inches inwards 
it appears to the unaided eye compact and homogeneous, and the 
largo porphyritic crystals, which are just as well developed here as 
in the centre, stand out very conspicuously ; beyond this, however, 
it becomes finely and, in a few cases, where the dyke is thick, even 
coarsely crystalline. 

The rock, especially at the margins of the dyke, frequently 
effervesces freely with hydrochloric acid ; this indicates the deve- 
lopment of carbonates by secondary processes, and marks the first 
stage of decomposition. A further stage may be well seen at the 

* I have had 27 sections prepared from my own specimens, and several others 
have been placed at my disposal by my friends Messrs. I’Anson and Trechmann. 
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noriih margin of the dyke, in the large quarry at Cockdeld, and at 
the base of the intrusive sheet at Bolam. In the former locality 
the actual margin consists of a brown layer about an inch in 
thickness, and evidently rich in iron oxides. This is sharply 
divided from a light grey band in which kaolinized felspars are very 
conspicuous. This band is several inches in thickness and shades 
off gradually into the main mass of the dyke. It does not efferves^ 
with acid ; but the dark and, to the eye, comparatively unaltered- 
looking rock which adjoins it does effervesce. Carbonates are thus 
seen to be present in the dark rock, but absent in the light-grey 
band, which therefore represents a further stage of decomposition. 
My friend Mr. G. E. Stead, of Middlesboro’, to whose kindness and 
generosity I am indebted for most of the analyses which appear in 
this paper, found the white substance occurring beneath the whin 
at Bolam to contain : — 

Per cent. 


Silica 54-00 

Alumina JiO-OJi 

Iron oxides 0*78 

Lime 0*47 

Magnesia 0*74 

Potash I’li 

Soda 2*75 

Loss 8*95 


99-73 

It is thus seen to consist mainly of hydrated silicate of alumina, 
and to have been formed from the original rock (see analysis on 
p. 224) by the removal, doubtless as carbonates, of the iron, lime, 
and magnesia. It appears remarkable that the alkalies should have 
been left. IN'ow the light-grey band at Cockfield is evidently similar 
in composition to this white substance, although probably the removal 
of lime, iron, and magnesia has not been quite so effectually carried 
out. The brown baud which forms the actual margin is certainly 
rich in iron-oxides, so that there appears to have been here as at 
High Green (see p. 240) a removal of the iron from the interior of 
the rock and a concentration of it along a bounding surface. 

Narrow veins of calcite may occasionally be seen traversing the 
rook, and these sometimes contain pyrites. Dr. Veitch, of Middles- 
boro’, gave me a specimen of the rock showing a joint surface coated 
with a radiating fibrous zeolite, which Dr. Trechmann determined to 
be pectolite. 

Angular and subangular portions, which appear homogeneous to 
the unaided eye, are jfrequently seen lying in a finely crystalline 
ground-mass. As these fragments resemble veiy^ closely the rock 
formed by rapid consolidation at the sides of the dyke, I am disposed 
to regard them as having been portions of the side which were 
broken up and carried along by subsequent movements of the igneous 
matter. Inclusions of foreign rocks are not common. The only 
specimen which has come under my notice was found by Dr. Trech- 
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msoin among the road-metal at Hartlepool ; it is an angular fragment 
of what is now a light-grey quartzite. The sharpness of the angles 
of this specimen appears remarkable when one takes into considera- 
tion the evidence of extreme metamorphism which the microscope 
affords. 

The inclusion, as a whole, is now composed of extremely irregular 
grains of crystalline quartz, which fit together so as to leave no 
interspaces. Here and there, however, more or less oval spaces 
occupied by the magma of the igneous rock may be recognized, and 
in much of the quartz secondary glass inclusions similar to those 
described by Chrustschoff* and Ddlterf occur. 

The other macroscopically recognizable constituents are blebs of 
quartz (Ay ton, Preston, and Cockfield), small agates, usually 
associated with calcite (Bowles Beck), and irregular patches of 
pyrites. These, however, are not uniformly present, but occur 
rather as local peculiarities. 

I have made 23 specific-gravity determinations on specimens 
taken from widely separated localities, including Great Ay ton, 
Preston, Bolam, Cockfield, Bowles Bock, Tyne Head, and Arma- 
thwaite, with this general result that, when care is taken to select 
unaltered or but slightly altered specimens, the specific gravity is 
found to lie between 2*765 and 2*788. The best observations 
indicate 2*77 as tho mean. Altered specimens have a lower specific 
gravity : thus two from Cockfield and Tyne Head respectively gave 
2*63 and 2*62. 

The microscopic as well as the macroscopic characters are remark- 
ably constant along the whole length of the dyke, so that in 
describing tho rock from a microscopic point of view it will not be 
necessary, except in a few special cases, to refer to separate localities. 
Two important structural types may be observed ; the one character- 
istic of the main mass of the dyke, the other of the few inches 
which form the margin. These will be referred to again when the 
separate constituents have been described. 

The original constituents may be considered under the following 
heads : — {a) porphyritic felspars, {h) felspars of tho ground-mass, 
(c) augite, {d) magnetite and ilmenite (?), {e) biotite, (/) apatite, {g) 
interstitial matter with globulites, longulites, microlites, &c. 

The two varieties of felspar will be referred to simply as the large 
and small felspars ; they belong, of course, on the whole to two 
different stages in the process of consolidation, although it is probable 
that the outer zone of tho large felspars was frequently added during 
the formation of the felspars of the ground-mass. Biotite occurs 
sparingly, and has only been observed in certain sections from Ayton 
and in one from Aimathwaito. Apatite does not seem to be 
abundant ; indeed its presence is inferred rather from the chemical 
than from the microscopic analysis. By interstitial matter is meant 

• Ohrustsohoff, “ Ueber secundare Glaseinschlusse in den Gemengtheilen 
gefritteter Gesteine,” Tschermak, Min. u. petr. Mitth. 1882. Neue Folge iv, 
p.473. ... 

t Bolter and Hussak, “Ueber die Einwirkung geschmolzener Magmen auf 
Terschiedene Mineralien,” Neues Jahrbuch, 1884. Bd. i. p. 18. 
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that portion of the rock which cannot he resolved into distinct 
crystals or crystalline grains by the aid of the microscope ; it may 
he glassy, micro-felsitic (Eosenhusch), crypto- or even micro-crystal- 
line. It usually gives a decided reaction with polarized light, a true 
glass having been distinctly recognized only in one instance, viz. in 
that of a specimen from Armathwaite. The secondary constituents 
comprise (a) quartz, (b) calcite, (c) chloritic alteration-products, (c?) 
limonite, {e) pyrites. Some of the quartz may he original. 

In order to form some notion of the relative importance of the 
different constituents of the ground-mass, I selected two fairly 
characteristic photographs, and, having cut out the portions repre- 
senting the different constituents, weighed them soj^aratcly. The 
following is the percentage composition of the rock as thus deter- 
mined: — Augite and magnetite 11*4 -per cent., small felspars 
per cent., interstitial matter 5P*5 per cent. It is difficult to cut out 
the parts exactly, so that a liberal margin for error must bo allowed. 
It must also be remembered that the interstitial matter contains 
microlites of augite and felspar, which cannot be cut out and weighed 
separately. The magnetite was taken with tlie augite because it 
was found impossible to separate the two in the photograpli ; mag- 
netite, however, forms only a very small propoil ion of f he entire mass 
of the rock. The relative abundance of tho different constituents is 
a fairly constant feature of this and also of the other dykes to be 
described ; so that the application of this method, originally due to 
Dr. Horby, I believe, becomes of considerable importance.* 

Lanje Felspars , — These occur, as already stated, in a tolerably 
constant proportion, and give the rock of this dyke a macroscopic 
character which enables one to recognize it at once wherever it 
occurs. Sections more or less parallel to the brachypinakoid appear 
as large flat plates, having tolerably equal dimeusions in the different 
directions, and polarize in a uniform tint, or else show striations 
due to twinning on what may bo assumed to he tho pericline type. 
This twinning is very irregular as regards the length and breadth 
of the lamellae. Sections out of the zone of the hrachy diagonal axis 
are frequently much longer than broad, and they show tho striation 
due to twinning on the albite plan. This twinning is also irregular 
so far as the width of tho bands is concerned. Sometimes the 
section is divided into two weU-marked halves : but when this is 
the case each half usually contains a few very narrow bands vshich 
extinguish simultaneously with the other half, thus showing that 
the crystals are twinned on the albite and not on tho Carlsbad 
plan, as might at first sight be supposed. The large felspars are 
frequently in the condition of fragments ; and sometimes a crystal 
may be seen to be fractured and to have had its parts slightly 
displaced, but not actually separated from one another. The frag- 
mentary state of many of the large felspars, as also the fact that 
they occur in the same condition at the sides and in the centre of 
the dyke, proves that they have not been formed in situ^ but have 
been brought into their present position from below. 

It is difficult to obtain cleavage-flakes of these felspars for optical 
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examination ; but after many failures I have succeeded in preparing 
one reliable slide. The section is approximately at right angles to 
the twinning-plane and parallel to the edge o P | oc Pcc . Two 
separate determinations of the extinction-angles of adjacent lamellas, 
with reference to the trace of the twinning-plane, gave (a) 5° 10' 
and 7° 20', (5) 5° 35' and 7° 10'. This shows that the section is not 
exactly perpendicular to the twinning-plane, because if it were, the 
extinctions would bo symmetrical ; nevertheless it may be regarded 
as sufficiently near for the purpose of comparison with the table 
given by Messrs. Levy and Fouque (‘ Mineralogie Micrographique,’ 
p. 230). We find on referring to that table that in labradorite the 
extinction-positions of adjacent lamellae in the plane passing through 
the edge o P | oc Px , and normal to the twinning-plane, lies 
between 10“ and 14“ 30', and differs markedly from the corre- 
sponding angle in the other well-defined species of felspar. In the 
case in question it may bo taken as about 12“ or 13°, and we are 
therefore led to the conclusion that the felspar is labradorite. It is 
perhaps hardly safe to infer that all the large felspars belong to the 
same species ; indeed the results obtained by observing the angle 
between the extinction-positions of adjacent lamella) in the felspars 
exposed in the rock-sections seem to indicate the presence of a 
felspar more nearly allied to anorthito. The large felspars contain 
inlets and inclusions of the ground-mass, and frequently show the 
most exquisite zonal banding (see PI. XII. fig. 3). In one typical case 
which is now before mo this banding is due to brownish, more or less 
spherical or elliptical, granules, which vary in size from the smallest 
specks visible with a magnifiying power of 270 diameters up to those 
which measure *02 mm. x *01 mm. The larger granules are 
markedly elliptical, and tli^Ir longer axes are set parallel to the 
longer edge of the crystal section. They keep this parallelism 
throughout the zone, a fact which shows that the elliptical form 
was determined by the unequal rate of growth of the crystal in 
dift'erent directions. There arc also larger irregular inclusions 
which do not lie in definite zones. It is worthy of note that the 
distance between contiguous zones is greater in the direction of the 
length than in that of the breadth of the crystal section ; another 
fact indicative of the unequal rate of growth of the crystal. Some- 
times the large felspars are completely honey-combed by irregular 
ramifiying inclusions ; at other times the centre only contains such 
inclusions. Not unfrequently they are surrounded by a narrow 
outer zone, which extinguishes at a slightly different angle from the 
rest of the section. Thus, in one case in which the extinction-angles 
of the main mass of the crystal were 30° 35' and 33“ 20' on either 
side of the twinning-line, those of the outer zone were some 3° or 4“ 
greater on either side. If we assume* that this difference is due to 
difference in composition, and that the optical properties are related 

? In ‘ Comptes Rendus’ for 23 Jan., 1882, M. Levy points out that the 
variations in the angles of extinction in successive zones need not necessarily 
indicate variations in chemical composition. Ilis mathematical investigations 
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to the ehendcal propertieB in the manner laid down by Sohnster 
(llm. Mitth. 1881, p. 117), then it indicates that the outer portion 
of the crystal approaches more closely to the composition of anorthite 
than that which forms the main mass. It is worthy of note that 
in this crystal, as in most of, if not all, the others which show the same 
character, although the outer angles are tolerably sharp, those of the 
internal portion (the nucleus, as it may be termed) are more or less 
rounded. In another section three zones may bo recognized ; the 
outer and inner ones extinguish simultaneously, but the middle one 
extinguishes at an angle which shows a nearer approach to anor- 
thite. The outer edges of crystals zoned in this particular manner 
are frequently ragged owing to inlets of the ground- mass ; these 
inlets, however, are limited to the outer zone and do not penetrate 
the central portion. It is clear therefore that the outer zone w^ 
added during one of the later stages in the process of rock-consoli- 
dation, and probably after some of the constituents of the ground- 
mass had separated out. 

Sinall Felspars . — These vary in character according as the section 
is taken from the main mass or from the margins of the dyke. In 
the latter case they consist for the most part of small microlites, 
whereas in the former they may be {a) fairly well developed ciy's- 
tals, not very long in proportion to their width, {h) imperfectly 
developed and skeleton crystals, (c) long narrow acicular microlites. 
The more perfectly developed crystals are frequently ragged at their 
extremities, and sometimes run out into the long narrow microlites, 
thus proving the felspathic nature of the latter. The sections of the 
more perfect crystals are often lath-shaped in form, and usually lie 
between the following dimensions : — x '1 mm. x *^15 mm. and *2 mm. 
X *5 mm. The small felspars are distinguished from those which 
give the rock its porphyritic character by the general absence of 
inclusions, and of zonal banding, as well as by their size. They 
occasionally show the repeated twinning characteristic of plagio- 
clase, but more frequently occur as binary twins and simple indi- 
viduals. The following numbers represent a series of measurements 
of the extinction-positions of adjacent lamellae, with reference to the 
twinning-line, those crystals being selected which gave approxi- 
mately symmetrical extinctions ; 21'^ and 34®, 22® and 35®, 26® and 
29®, 33"^ and 28"^, 21*^ and 19 . Another series of observations in 
which the angle between the extinction-positions of adjacent 
lameUsc alone was recorded, gave 27°, 19°, 6°, 58®, 36°, 46°, 22°, 
41®, 44®, 47®. It thus appears that 58® was the maximum observed. 
The maximum for labradorite in the zone which gives symmetrical 
extinctions with reference to the twinning-line is 62° 30', that for 
oligoclase 37®, for albite 31° 30', and for anorthite over 74° 42', 
The measurements therefore appear to indicate the presence of 
labradorite, but they can of course tell us nothing as t.o the presence 


lead him to the conclusion that they may be accounted for, in certain cases, on 
the assumption that the crystals are built up by the association of submicrosoopic 
twin lamellm. 
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or absence of oligoclase or albite. The researches of M, Fouqu^ on 
the mineralogical composition of the Santorin augite-andesite lava 
of 1866, led him to the conclusion that the porphyritic felspars of 
that rook were mainly labradorite, but that they comprised also 
anorthite, sanidine, and oligoclase, and that the felspars of the 
ground-mass were albite and oligoclase. It is highly probable 
that the rock we are considering, which appears to be a fairly 
typical augite- andesite, though not so rich in silica as the lava of 
Santorin, also contains a mixture of different felspars. 

In the description of the remaining felspathic constituents of the 
ground-mass it will bo convenient to begin with the microlites. 
These may be either straight or curved. The majority of them lie 
between the following dimensions ; — width *002m. to *004 mm. ; 
length *06 mm. to *35 mm. As a rule, these microlites are not 
sharply defined from the interstitial matter ; thus, the interstitial 
matter of the rock which occurs at the old quarry at Barwick, on 
the right bank of the Tees, near Preston, shows under a high power 
(270 diameters) a sort of mottled appearance due to the irregular 
interlacing of darker and lighter portions. In places these lighter 
portions assume a linear form, and take on the characters of the 
microlites (see PI. XII. fig. 4 6). Curved microlites are common in 
the same rock ; they are sometimes clustered together so as to give 
rise to curious plumc-liko forms. The straight microlites extinguish 
in the direction of their length. The curved microlites have the same 
optical properties, and do not therefore extinguish simultaneously 
in any one position, only that portion of any particular microlite 
appearing dark which happens to lie parallel with one of the two 
vibration-planes. Not unfrequently the microlites show a tendency 
to unite with each other at definite angles ; and this leads to the 
building-up of curious skcleton-like forms. The rectangular mode 
of junction is the most common. When the primary microlite is 
curved, then the secondary^ microlites converge like the spokes of a 
wheel. 

The skeleton felspars (see PI. XII. fig. 4 a) constitute an inter- 
mediate group between the microlites and the more or less perfect 
felspars, and they exhibit a very great diversity of form. Commencing 
with those which consist of a primary microlite to which secondary 
microlites have attached themselves at right angles, we may pass, by 
means of those which consist of two parallel microlites, joined, either 
at their centres or at their ends, by transverse microlites, to broad 
rectangular felspar sections, bounded by sharp straight edges, or else 
running out at their ends into acicular microlites. These skeleton 
forms are best studied in sections from the Barwick and Arma- 
thwaite quarries. I have observed somewhat similar forms in the 
dolerite of Sababurg, in Hesse, and in that of Dalmahoy Hill, near 
Edinburgh, also in some of the other dykes to be hereafter described. 
Boficky has described similar forms in the melaphyres of Bohemia 
(Petrographische Studien an den Melaphyrgesteinen Bohmens, p. 9, 
pi. i. fig. 7). 

Augite . — This mineral, like the felspar, occurs in two conditions, 
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(1) aa &irly large (*66 mm. x *75 mm.), and more or less perfectly 
developed crystals of the common form ; and (2) as minute crystals 
or crystalline grannies (*05 mm.). The former show fairly good 
cleavages, which appear in the sections as lines running parallel to 
each other, or else belonging to two series which intersect at various 
angles according to the direction of the crystal section, up to about 
90®, They are not numerous, but in the slides in my possession 
may be recognized the eight-sided, six-sided, and four-sided forms 
characteristic of sections more or less at right angles to the prin- 
cipal axis, parallel to the ortho-pinakoid, and parallel to the clino- 
pinakoid respectively. By far the larger portion of the augito 
occurs in the form of minute crystals and crystalline grains. A 
green chloritic substance, having a fibrous a])])earance in thin sec- 
tions, sometimes wholly or partially rejfiaces the augite. In some 
of the sections from the Barwick quarry the augite crj’stals are 
entirely replaced by calcite pseudomorphs, giving aggregate polari- 
zation. These arc especially interesting, as the forms of the replaced 
augite were evidently very perfect. Augito does not, at any rate 
as a rule, occur as inclusions in the large porphyritic feispars. 
Many of the very small augite grains when examined with a mag- 
nifying power of 500 diameters, are seen to have their edges ill 
defined and ragged like the felspar microlites, and seem to be 
connected with the brownish substance which ap])ears as indistinct 
granules and fibres in the interstitial matter. This very interesting 
feature will be again roleri‘ed to in describiiig the microscopic 
character of the interstitial matter. 

Magnetite {and Ilmemte ? ). — This occurs in the form of fairly well- 
developed crystals, and also as skeleton crystals and small granules. 
The crj’stals show the usual quadratic, triangular, and hexagojial 
forms, ^ow and then a lath-sliaped section occurs, such as might 
be formed by cutting a tabular crystal of ilmenito at right angles 
to the basal plane. The occurrence of this latter mineral must, 
however, be regarded as doubtful ; for the microscopic evidence is not 
clear, and the small (|uantity of titanic acid revealed by aimlysis 
may be contained in the magnetite. On licatiiig a thin section for 
some time with hot hydrochloric acid, the black opaque mineral 
entirely disajipears. 

Biotite.— This mineral is not constantly present. It has been 
observed in specimens from Arm athwaite and Ayton. It shows a 
tendency to alteration, and is frequently represented by green chlo- 
ntic fibres. ^ 

be recognized in most of the slides, either in 
the form of definite crystals or as ci^talline grains, which usually 
show^ a polysynthetic structure. It may, in part, he an original 
constituent ; but from its frequent association with calcite, I am 
inchned to class it under the secondary minerals. 

Calcite.^^h mineral occurs in irregular crystalline plates, 
giving definite extinctions, and is also scattered throughout the 
BlKle in the condition of crystaUine powder. The last-mentioned 
mo e o occurrence indicates, however, a very advanced stage of 
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decomposition, and is usually found only in those slides in which the 
augites have been replaced by calcite. The irregular crystalline 
plates occur in comparatively unaltered rocks, and they are here 
seen to he almost invariably associated with quartz. Both quartz 
and calcite also occur in thin veins. Small spherical amygdules 
containing calcite and chalcedony occur in certain localities, and 
especially at Bowles Beck, where my attention was first called to 
them by Mr. James T Anson. 

Pyrites , — This mineral occurs abundantly in certain localities, 
but is not distributed throughout the rock with any definite regu- 
larity. It owes its origin, no doubt, to local causes. Under the 
microscope it appears as irregular ragged plates, the true nature of 
which can, of course, only be recognized by reflected light. 

The Interstitial Matter , — This is in some respects the most inter- 
esting portion of the rock. It forms, as a rule, about one half of 
the ground-mass, and prosejits a number of remarkable structural 
variations. Although giving, in the majority of cases, a decided 
reaction under polarized light, it consists of a number of imperfectly 
individualized substances. In order to study the characters of this 
substance, it is absolutely necessary to have the thinnest possible 
sections and to use a magnifying power of not less than 500 diame- 
ters. We will consider first of all the case of a somewhat exceptional 
variety of the rock, which occurs at Armathwaite. The ultimate 
base is a clear isotropic glass containing a large number of extremely 
minute brownish granules. With a magnifying power of 500 
diameters the smallest granules appear as mere specks, while the 
larger ones have frequently a globular or elliptical form. Clusters 
of granules may frequently be seen, and these appear to show a 
tendency to a linear arrangement. The granules are without 
action on polarized light. They belong to the ylohuHtcs of Voffel- 
sang (Die Krystalliten). In addition to the globulites, there are 
also long, more or less conical needles of the same substance. The 
thin ends of these needles are usually clear and transparent, and 
the external surfaces smooth ; but the thick ends are rough, and 
evidently made up of globulites which have not entirely lost their 
individuality in the attempt to form these needle-like bodies. The 
bodies in question give no reaction with polarized light, and they 
correspond therefore with the longulites of Vogelsang. The smaller 
ends of the longulites rarely, if ever, lie free in the glassy base, but 
are in contact with minute augite granules, around which they are 
arranged in a rude kind of radial manner (see PI. XII. fig. 2 a). 
In short the smaller augite grains may be described as bristling with 
longulites. It is worthy of note that the felspars of the ground-mass 
appear to have exorcised no influence whatever on the groupino* of 
the globulites and longulites. 

The conical needles which occur in a slag figured by Vogelsang 
(Die Krystalliten, pi. ii.) are described by him as having been 
formed by a double process of growth, the pointed end having been 
produced by the coming together of the very smallest spherical 
elements (“ die kleinsten constituirenden Kugelelemente ”), and the 
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opposite or shank end by an aggregation of globulites. In the 
iroathwaite longulites it appears probable that the growth has 
always been in one direction, that is from the end in contact with 
the angite grannie. At first the conditions were such that an inti- 
mate union of the constituent elements took place, and the smooth 
rod-like portion was produced. After a time, however, the con- 
ditions became more and more unfavourable to the individualization 
of distinct substances. Larger globulites were produced and brought 
together by the action of the attractive forces ; but these did not 
become perfectly united, and thus the rough portion of the longulito 
was formed. 

That the longulites are intimately connected with the globulites 
is proved by the occurrence of every possible kind of intermediate 
form. Thus one may pass from single globulites to a linear group- 
ing due to the coming together of two or more globulites without 
actual union, and from this, again, to an elongated form which has 
evidently been produced by the union of distinct globulites at their 
points of contact. These, again, may be connected with the more 
perfectly developed longulites by intermediate forms. As will 
naturally be anticipated from the facts already described, the s})aces 
surrounding the longulites are free from globulites ; the material of 
the globulites has been abstracted for the purpose of forming the 
long^ites. What substance is it whose crystallizing force has led 
to the formation of these non-crystaUine bodies ? It is impossible 
to demonstrate the fact, but I have little doubt that it is augite. A 
suspicion of this is aroused when one notices tliat the longulites 
cluster round the augite grains, which they resemble in colour and 
general appearance, but not round the felspars ; and this suspicion is 
confirmed when one studies carefully the structure of some of the 
least perfectly developed augites. These have sometimes a fibrous 
look, and occasionally run out into microlites which cannot be dis- 
tinguished from the longulites wdlhout the use of polarized light. 

I consider, therefore, that if we could isolate these globulites and 
longulites for separate analysis we should find them not to consist 
of pure augite substance, but of material richer in augite sub- 
stance than the surrounding glassy base; just as in Vogelsang’s 
experiments with sulphur and Canada balsam (Die Krystalliten, 
p. 8) the globulites and longulites consisted of Canada balsam 
containing more sulphur than the surrounding mass. 

As a rule, the felspars of the ground-mass are entirely free from 
globulites and longulites. It does sometimes happen, however, 
that a portion of the base gives the reaction of felspar under polar- 
ized light, and at the same time contains these bodies. 

We are thus led to the conclusion that the magma which re- 
mained fluid after the formation of the large felspars, the magnetite 
and many of the augite crystals and grains, still contained the 
chemical constituents of felspar and augite, and that the peculiar 
structures of the ground-mass owe their origin to the crystallizing 
power of these constituents acting under unfavourable circumstances. 
In short they may be regarded as the final attempts of these con- 
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stituents to assume a crystalline condition. Mr. Stock found (see 
his note, p. 225) that 36*57 per cent, of this rock remained insoluble 
after treatment with hydrochloric acid in a pressure-tube for one 
month, and that the insoluble residue yielded, on analysis, SiO^ 
70*76 per cent.; Al^Og 10*93; PeP3 3*59; CaO 3*29; MgO 4*21; 
Alkalies 7*22. This may be taken as representing approximately 
the composition of the base with its various devitrification-products. 
It is, as one would naturally expect, highly acid ; the silica here, as 
in other cases, having served as a sort of solvent medium out of which 
the other minerals have crystallized. 

So far I have been referring to the prevailing type of interstitial 
matter in the Armathwaite slide. Here and there, however, in the 
same slide it puts on a very different aspect. It becomes deep 
brown in colour and is traversed by numerous ill-defined felspar 
microlites. The longulites and globulitcs are no longer to be recog- 
nized, and the whole patch gives a vague reaction on polarized 
light. This is the common type of devitrification, and may be 
well studied in sections taken from the rock which occurs at Bar- 
wick quarry, near Preston. Here the ill-defined felspar microlites 
occur in great abundance ; but as they have already been described 
it will be unnecessary to refer to them at greater length. In the 
thinnest j)ossible sections the brown colour is seen to be due to a 
kind of indistinct granulation which has evidently been produced 
by the imperfect individualization of a brownish substance. This 
substance appears as minute specks and ill-defined fibres. It is 
occasionally aggregated into irregular patches and narrow bands, 
which give the vivid polarization-tints characteristic of the small 
augite granules. I have not been able to recognize any clear trans- 
parent glass in the Preston slides ; but some of the base containing 
indistinct fibres and granules appears isotropic, and may therefore 
be regarded as consisting of the micro-felsite of llosenbusch. There 
is yet a third type of devitrification, also very common, which may 
bo well studied in the s])ecimens from Grreat Ayton. Indistinct 
granules, fibres, and ragged patches of a brownish eubstance which 
may be connected by intermediate forms with the augite granules, 
and which give the same reaction on polarized light, together with 
specks of opacite (? magnetite) lie intermixed with a substance which 
also reacts on polarized light. Thus, it splits up under crossed 
nicols into irregular patches of considerable size, which extinguish in 
definite positions, but whose boundaries are by no means well 
defined. Long, sharp, colourless microlites, and black hair-like 
bodies (trichites) may be observed in the base of the rock from 
certain localities. 

Structural Variations of the Rock . — As already stated, only two 
well-marked structural types can be recognized, one characteristic 
of the main mass, the other of tho margins of the dyke. They differ 
from each other merely in the extent to which crystalline growth 
has been carried in the ground-mass of the rock ; for the porphy- 
rite felspars are alike in both varieties. In the marginal part of 
the dyke the ground-mass is composed of minute felspar microlites 
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(boo Plate XII. fig. 2), indistinct brownish granules (? augite), and 
specks of magnetite imbedded in a dear isotropic glass. In the 
from the central portions of the dyke the felspars of the 
ground-mass and augite grains are much more fully developed, and 
the base itself also appears completely devitrified. The rock from 
the margin of the dyke bears a striking general resemblance to 
many of the so-called augite-andesites of Hungary and Santorin. 


Chemical Amilyses of the Godcfield and Armaihwaite Dylce, 



I. 

II. 

III. 

IV. 

Silica 

57*57 

5807 

59-25 

56*10 

Alumina 

14*25 

18*22 

16-75 

17-24 

Ferric oxide 

0-04 \ 

1010 

4*001 

4*76 

Ferrous oxide 

Manganese oxide 

3-95/ 

•l>7 

4*82 j 

Lime 

6-87 

7*04 

6*88 

11 -M 

Magnesia 

4-24 

4-4G 

3*81 

2*29 

Potash 

1-08 

1-58 

1*92 

1*38 

Soda 

2-t>8 

2*59 

2*r>G 

2*t^ 

Sulphur 

•H) 



3‘*60 

Carbonic acid 

•3G 


trace 

Phosphoric acid 

.15 




Titanic acid 

trace 




Water 

1*25 

i'50 


1*55 


99*14 

98*56 

99*99 

109-16 


I. Specimen from Great Ayton. Analysis by W. F. K. Stock, Esq., of 
Darlinfjton*. 

II. Specimen from Armathwaite, about GO miles from Ayton in a direct 
line. Analysis by W. F. K. Stock, Esq. 

III. Specimen from Great Ayton. Analysis by J. E. Stead, Esq. 

IV. Altered specimen from the margin of the dyke at Preston. Analysis by 
J. E. Stead, Esq. 


Note on the Action of Hydrochloric Acid on the Rode of the Codcjield 
and Armaihwaiie Dylce. By W. F. X. Htock, Esq., Darlington. 

The following investigation was suggested by the apparent case 
with which a notable quantity of the Cockfield Armathwaite rock 
was acted upon by hydrochloric acid in open flasks, and by the 
fact communicated to me by Mr. James lAnson, of Darlington, 
that sections cut by him showed a large proportion of matter 
wanting in definite form. The Ayton rock was first examined. A 
portion was reduced to an extremely finely divided condition by 
long-continued trituration in an agate mortar. About 2 grammes 
of the fine powder were sealed up in a pressure-tube of strong 
Bohemian glass along with 20 c.c. of hydrochloric acid of sp. gr. 
1*16. The tube with its contents was exposed in an air-bath to a 

This analysis of the Ayton rock was originally prepared for Mr. I’Anson ; 
but, thanks to the kindness of the latter gentleman, I am able to give it in this 
paper. 
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temperature ranging between 220° and 240°Ealir. for 24 days; at 
the end of that time the tube was opened under water and the 
contents filtered off. The insoluble portion was washed off the 
filter and treated with a ten-per-cent, solution of caustic potash to 
remove deposited silica. The washed residue was dried and heated 
to near redness and weighed. It was again ground down for a 
long time in the agate mortar, and an aliquot part sealed up once 
more with hydrochloric acid and exposed for fourteen days as before. 
It was found that in the second treatment only about 16 per cent, 
by weight had been dissolved, which seemed to afford good evidence 
that what remained was quite insoluble in hydrochloric acid under 
these conditions. The quantitative results obtained were that 36-33 
per cent, of the Ayton rock was insoluble in hydrocldoric add^ and 
that on determining the silica in this residue it was found to amount 
to 77*66 per cent. These results were verified by repetition. 

After the analysis of the Armathwaite specimen had been com- 
pleted, it was thought desirable to subject a portion of this rock 
also to the foregoing treatment. This was done ; but the time of 
exposure was exteuded to 31 days, and the temperature was raised 
to 31G°'4 Fahr. Under these conditions several tubes were lost by 
explosion. The insoluble residue amounted to 35-57 i)cr cent. It 
was analyzed and furnished the following ; — 


Silica • 

25-17 

7076 

Alumina 

3-S6 

10-93 

Ferric oxide . . . . 

1-28 

3*59 

Lime 

M7 

3-29 

Magnesia 

1*50 

4*21 

Alkalies 

2-56 

7-22 


35-57 

100-00 


Mr. I'Anson examined portions of the insoluble residue from time 
to time, duplicate tubes being prepared for that purpose, and in 
the final residues he found the doubly refracting matter to be re- 
duced to a minimum. 

Deducing an opinion from the almost total insolubility of these 
residues, their highly acidic character, and the absence of any 
marked amount of doubly refractive matter, I think we may regard 
them, at any rate approximately, as representing the base of the 
rock. This view is much strengthened by the results from the 
Armathwaite specimen which Mr. Teall handed to me as a rock 
with “ a true glassy base f nothing could much better represent a 
glass than the composition of this residue. 

It may be of interest to state that in these tube-experiments it 
was conclusively proved that the hydrochloric acid took up none of 
the silica from the decomposable silicates, but that the whole of it 
was deposited in a pulverulent form in the tube, and was filtered off 
with the insoluble residue, from which it was, of course, separated by 
the treatment with caustic potash. This is a point which I have 
not seen noticed previously. 

Q.J.G.S. No. 158. a 
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General Relations of the RocTc forming the Cochfield and Arma- 
thwaite Dyhe, 

The rock has generally been considered a basalt ; but it differs 
from typical basalts in many wa 5 ^s : thus olivine is entirely absent, 
and the bisilicate constituent plays a very subordinate part in the 
mineralogical composition of the rock. Then, again, the silica j)er- 
centage (57 to 59) is much too high, that of true basalts averaging 
about 50 or less, and the specific gravity (2*77) is too low. The 
presence in considerable quantity of a highly acid base is also 
another point which distinguishes this rock from true basalts. ow 
in all these points the rock approaches the andesites and tracliA tes ; 
and if the term augite-andesite is to be used at all, it seems fairly 
applicable to this rock, which, be it romcmbercid, is almost certainly 
of Tertiary age. 

I append a Table of analyses of recognized augite-andesites to 
show that there is a close corres])ondence between them and the 
rock now under special consideration : — 



I T. 

! 

II. 

TIL 

IV. 

V. 

Silica 

57-80 

i 59-70 

58-70 

57-51 

50 '582 

Alumina 

18-07 

JO-P) 

17-04 

10-80 

18-079 

Ferric oxide 

..i 8-98 

7*97 

7-77 

10-40 

M12 

Ferrous oxide 


; 0-80 




5-91)5 

Manganese oxide 

1 



1 


0-1O8 

Lime 

4-69 

! 8-01 : 

7*40 

054 

n-053 

Magne.sia 

.. 1-12 

i 1-10 i 

2-07 

1-S9 

o-2;;9 

Potash 

2-Oi 

l-5(; ; 

0-93 

2-21 

0-912 

Soda 

..' 4-00 

0-12 1 

2-00 

o-8(; 

2-589 

Loss 

1-18 

' 1-09 ! 

2-10 

0-40 



91C05 

99-(;0 

99-09 

99-07 

i)9-909 


I. Auj^ite-andesiU* Lava, Po]^iegy near fcjzkaroB, — Dr. C. D'ilter, “ U«‘b(*r einigo 
Trachyte ties Ti>kaj-Lperieser Gebirges," Mittli. 1S71, Jlcft iii. ]). lilo. 

II. Augite-andesite j’niin Kbliegy near JJogdanz Garbnez. -Dr, C. Duller, Min. 
Mittli. 1874, Heft iii. p. *J07. 

III. Porphyritie Augite-andesite from Tuhrina.— Dr. C. Duller, Min. Mitth, 
1874, Heft iii. p. lilP). 

IV. Lava of Pariuii, ending at Fontinort, Clermont Ferrand.-- Von Lasaulx, 
“Petrographi.sche Studien an den vulkanisclien Gesleinen der Au\ergne/' A'eues 
Jahrbuch, 1871, p. 08:;. 

V. Lava of Masaya Mindiri, Central America.— II. R. Marx, “ Deitrng zur 
Kenntniss centralamerikanischer Laven,” Zeitsclir. d. geol. Ges. xx. p. 520 (1808). 

The bulk analysis of our rock also bears a close resemblance to 
that of many of the so-called melaphyrcs, as will be seen at once by 
referring to the collection of analyses jmblished in ZirkeTs ‘ Lehr- 
buch der retrograjihie,’ vol. ii. p. 55. It should be borne in mind 
that the rocks to which the term melaphyrc has been applied on tho 
continent have, as a rule, a liigher silica percentage, a lower specific 
gravity, and a larger proportion of felspar than tho basalts. 

The affinities of melaphyrc are therefore rather with the augite- 
andesites than with the true basalts. 
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Many of the so-called augito-andesites contain a rhombic pyro- 
xene; and it has been suggested by Mr. Whitman Cross (‘Amer. 
Joum. of Science/ Feb. 1883), in a paper on the andesite of Buffalo 
Peaks, Colorado, that this rhombic pyroxene (hypersthene) is the 
predominating bisilicate in these rocks *. If this should turn out to 
be correct then they would have to be termed hypersthene-andesites, 
and the question would arise as to whether the term augite-an desite 
should be retained at all. I think in any case, however, the term 
aiigite-andesite is useful to indicate such a rock as the one described 
above, that is a plagioclase-augite-magnetite rock, having more or less 
a trachytic or andesitic structure, a silica percentage considerably 
higher than that of normal basalts, and a specific gravity of about 2 7. 
At the same time it must be admitted that such a rock is not sepa- 
rated from basalt by any hard-and-fast line ; and from this point 
of view it might b(‘, called an andesitic basalt, except that this term 
has been used in a somewhat different sense by Boficky ( ‘ Basalt- 
gestoine Bdhraens,’ p. b lB). 

A rock having essentially the same chemical and mineralogical 
composition has been described by Prof. A. Geikie, in a paper on the 
so-caUed Pitchstono of Eskdale (‘ Proceedings of the Koyal Physical 
Society of Edinburgh,’ vol. v. 1880). The Pitchstone of Jameson is 
shown to bo merely a glassy form of this rock. My attention was 
called to this paper by Mr. Topley, after the above description of the 
microscopic character of the Cockfield and Armathwaite rock had 
been written. I mention this because there is a very striking resem- 
blance between the way in which Prof. Geikie has described the 
devitrification-products of the so-called pitchstone and the manner 
in which I have described the ])recisely similar bodies in the 
Armathwaite specimen. The figure which Prof. Geikie gives in the 
paper above quoted, and also in his ‘ Text-book of Geology,’ p. 100, 
exactly represents the special features of the base of the Arma- 
thwaite specimen (compare PI. XII. fig. 2 a). 

It may be as well to quote the bulk-analysis of the Eskdale 


rock : — 

Silica 58'()7 

Alumina 14*37 

Ferrous oxide 0-94 

Ferric oxide 1*64 

Manganese oxide trace 

Lime 7*39 

Magnesia 4*65 

Potash 1*42 

Soda 3*01 

Water 2*02 


100*11 


* See also Bulletin of the U.S. Survey, no. 1. 
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The Hbtt Dyke. 
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Bell, I. Lowthian. “On some supposed Changes Basaltic Veins 
have suffered during their passage through and contact with 
Stratified Rocks, and on the manner in which these rocks have 
been affected by the heated Basalt,” Proceedings of the Royal 
Society, 1875, p. 543. 

This dyke crosses the foUowing 1-inch Ordnance Maps : 103^ N.E., 
N.W., and S.W. Its course is thus traced by IVofessor Sedgwick * 
on the authority of Mr. Wharton, of Oswald House, Durham: — “It 
ranges from the escarpment of Magnesian Limestone (at Quarrington 
Hill, a few miles to the east of Durham), through the great coal- 
field, in a direction about W.S.W. It is found along this lino at 
Crowtrees, Tarsdale, Hctt, Tudhoe, Whitworth, and Constantine 
Farm. From the last-mentioned place it passes along the same line 
of bearing through the collieries of Bitchburn and Hargill Hill to a 
spot near the confluence of the Bedburn Beck and the river Wear, 
where it is well exposed at the surface of the ground ; and it is 
known to pass up the Bodburn-Beck valley to Egglestone Moor.” 
The author also states that the dyke increases in width in its pro- 
gress westward from 61 feet at Crowtrees to 15 feet at Bitchburn 
Beck. 

The dyke has formerly been quarried on an extensive scale be- 
tween the villages of Tudhoe and Hett. At present (1882) it is 
worked by means of shafts at Tudhoe, near the Darlington road, 
and at Hett village. Between the Darlington-road shaft and Hett 
village its course is marked by a nearly continuous trench, the 
result of old quarrying operations, which terminates at the village 
in a vertical face of rock. The direction of this trench is nearly 
east and west. At Hett the dyke is 10 feet wide, and hades to the 
north at a very high angle. The adjacent rocks are coal-shales 
which have been baked and indurated by the action of the igneous 
mass. A rude spheroidal structure has been brought to light by 
the action of the weather. This dyke, like the one already de- 
scribed, appears to keep its character for great distances; and 
although I have only examined it between Tudhoe and Hett, I have 
no doubt that the following petrological description wiU aj^ply to it 
throughout its entire length. 

Macroscopically it is a fine- or medium-grained crystalline rock of 
a dark grey or bluish-grey colour and a subcon choidal fracture. 
It can be at once distinguished from the rock of the Cleveland dyke 
by the absence of any pori)hyritic crystals of felspar. Here and 
Trans. Cambr. Phil. Soc. vol. ii. (1827). 
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there small spherical amygdaloids, for the most part filled with 
calcite, may be recognized. The texture of the rock does not vary 
in any marked manner, the individual constituents being, as a rule, 
just recognizable by the naked eye. On applying acid, a slight 
effervescence may frequently be observed, and this naturally becomes 
more marked near the edges of the dyke and in the neighbourhood 
of joint-planes. 

Under the microscope the rock is seen to consist for the most 
part of felspar, pjToxene, and magnetite. There is, however, also 
a small quantity of cryptocrystalline matter (PI. XII. fig. 5). 

Felspar , — This occurs in forms which give lath-shaped sections, 
whose dimensions lie, as a rule, between the following limits : — 
*08 X *3 millim. and *02 x *14 millini. The length of a section is, on 
the average, about five times its width. I am not able to recognize 
more than one generat-ion of fels|)ar, so that the rock would be 
granular in the sense in which tliat term is used by Prof, llosen- 
busch Under crossed XicoLs the sections are seen to consist of 
two or more lamelloc ; but simple individuals are by no means un- 
common. When the thin sections are exposed for some hours to the 
action of hydrochloric acid at a temperature of 1 00° C. the felspars 
lose their individual action on polarized light ; and I conclude from 
this, as well as from the bulk-analysis of the rook, that they belong 
to a species allied to labradorite. 

Pyroxene , — This mineral rarely, if ever, presents definite crystal- 
line boundaries. It occurs in isolated grains, granular aggregates, 
and irregular plai/cs, which are frequently interpenetrated by the 
lath-shaped lels])ars. There is no doubt, therefore, that it consoli- 
dated after the felspar. The prismatic cleavages are the only ones 
that I have observed. Twinning is not uncommon. 

Magnetite occurs in grains and crystals scattered uniformly 
through the rock, the sections measuring about *12 or *1 millim. 
across. That it is magnetite and not ilmcnitc appears to be proved by 
its tendency to give rise to limonite decomposition-products, and by 
the readiness with which it is attacked or removed by hot hydro- 
chloric acid. 

The elements already described make up perhaps nine tenths of 
the mass. As already st ated, however, there occurs also a small 
quantity of intcustitial matter which gives an indistinct reaction 
under crossed Nicols ; it is brown in colour, granular in aspect, and 
usually charged with minute colourless acicular microlites. This 
doubtless represents th(3 highly acid residue which remained after 
the separation of the definitely crystalline constituents. The secon- 
dary minerals are calcite and quartz. Green alteration-products 
are very rare in the specimens examined by myself. 

The specific gravity of the unaltered rock varies from 2*94 to 
2*96. Its chemical composition, as given by Mr. I. Lowthian BeU, 
F.R.S., is as follows ; — 

* “ Ueber das Wesen der kornigen und porphyrisohen Structur bei Massen- 
gesteinen,” Neuea Jahrbuoh (1882), Band ii. p. 1. 
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Silica 51-35 

Alumina 17-61 

Ferrous oxide 12*04 

lime * 9*65 

Magnesia 5*68 

Potash 1*40 

Soda 0*56 

Carbonic acid 1*53 


99*82 

About 2 miles to the north of the Hett dyke is another dyke 
of almost identical composition (see Mr. Bell's paper, p. 546) ; 
and between the two there occurs, at a depth of about 60 fathoms 
beneath the surface, a horizontal sheet of similar material, which 
was proved, by the mining operations of Messrs. Bell Brothers, 
to cover an area of at least 15 acres, and to bo in one place 19*75 
feet in thickness. Mr. Ernest Bell forwarded a piece of this rock to 
Dr. Trechmann : and to the latter gentleman I am indebted for the 
specimen on which the following statements are based. The rock is 
identical in appearance with the more coarsely cn'stalline varieties 
of the Hett dyke. Microscopically, also, there is the closest resem- 
blance, the principal difierence being the almost entire absence, in 
the case of the intrusive sheet, of any interstitial matter. The spe- 
cific gravity of my specimen is 2*96, and the chemical composition 
of the sheet, as given in Mr. Bell's paj)er, is: — 


Silica 51 *99 

Alumina 15*46 

Ferrous oxide 12*87 

Lime 13*80 

Magnesia 4*02 

Potash 1*21 

Soda 0*48 

Carbonic acid 1-02 


100*76 

Of what age are these dykes ? To this question no definite answer 
can be given. There is no evidence that either of them penetrates 
the Magnesian Limestone, although they are known to occur in the 
Coal-measures beneath. Prof. Sedgwick remarks that the Hett 
dyke can be traced to Quarrington Hill, hut that it docs not pass 
up into the Permian ; and from this fact he is inclined to regard it 
as of Palaeozoic age. It is worthy of note that the rock of which 
these dykes and the accompanying “silL’ arc composed differs in a 
marked manner from that of the Cleveland dyke : it is more basic 
m composition, of higher specific gravity, and much more largely 
composed of crystalline constituents. In all these points it ap- 
proaches in character the rock of the Great Whinsill, with which I 
am strongly inclined to regard it as contemporaneous. 
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Tele Hebbtjew Dyke. 

Lvterature* 

"Winch, N. J. “ Observations on the Geology of Northnmberland 
and Durham,” Trans. Geol. Soc. vol. iv. (1827). 

Lebotir, Prof. G. A. Outlines of the Geology of I^orthumberland 
(1878), p. 48. 

Ordnance Maps (1 inch). 105 S.E. and S.W. 

This dyke is described by Prof. Lebour as emerging from beneath 
the Magnesian Limestone near Cleadon, and passing in a W.N.W. 
direction by Hed worth andHebburn to the Tyne at Walker, where 
it enters Northumberland. There is, so far as I know, no exposure 
of this dyke at the surface now known ; but Winch describes a 
quarry which was formerly worked about 1 mile north of the Boldon 
Hills. “ The rock,” he says, was fine-grained, nearly black, and 
filled with small globules of milk-white chalcedony not bigger than 
a mustard-seed.” 

The course of this dyke, as marked on the Survey maps, has there- 
fore been traced by means of the data supplied by the numerous 
colliery workings in the district. Prof. Lebour regards the cele- 
brated Coley-Hill dyke, which was formerly worked on such an 
extensive scale to the west of Newcastle, as a continuation of the 
Hebburn dyke ; but as the former agrees very well in direction with 
the Tynemouth dyke, with which it has also very close petrological 
affinities, I am inclined to regard it rather as a continuation of the 
latter than of the former. When speaking of the relations of the 
dykes of Coley Hill, Walker, and Eoldon, Mr. Winch says : — “ It is 
by no means ascertained that they are portions of the same dyke 
connected together below the surface, since no trace of that of Coley 
Hill could be discovered in the very extensive and ancient collieries 
of Montagu and Kenton, situated in its course at a short distance 
to the cast of it : nor was the Walker dyke found in any other 
quarry.” 

The only locality where I have had an opportunity of examining 


Fig. 2. — Dy1ce in Coal-measures, Boldon Pit, 
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the Hebborn dyke is in Boldon pit. To this exposure I was con- 
ducted through the kindness of Mr. Walker, who also supplied me 
with a sketch from which the diagram (fig. 2), expressing the 
relation of the whinstone to the Coal-measures, is constructed. 
The section crosses the dyke about 22° from a right angle. 

The actual thickness of the dyke in the “ blue metal ” is thus 
seen to be 44' 6", and in the coal 49'. 

Macroscopically the rock is dark, almost black in colour and 
uniformly crystalline in texture, e. porphyritic elements are 
wanting. At the margins it is compact. In the central parts it 
effervesces slightly, and in the marginal parts freely with hydro- 
chloric acid. Here and there occur small spherical amygdaloids, 
measuring on the average about 1 mm. in diameter: tliese arc 
occupied by calcitc and quartz. The specific gravity of the un- 
altered rock is 2*84. 

Under the microscope the rock is seen to consist of magnetito 
(? ilmenite), felspar, pyroxene, and a considerable quantity of inter- 
stitial matter, which has a decided though indefinite reaction on 
polarized light. This ground-paste is rendered in places almost 
opaque by a large quantity of brown granular matter. It also 
contains skeleton felspars and acicular microlites of felspar, which 
do not always appear to bo sharply separated from the paste. 

The felspar sections are usually very long in pro])ortioii to their 
width, a feature which characterizes many of the dykes now about 
to be described (PI. XII. fig. 6). Binary twins arc most numerous. 
The pyroxene is almost colourless, frequently twinned and evidently 
monoclinic ; it occurs in irregular plates of secondary consolidation 
and rarely, if ever, shows definite crystalline boundaries in those sec- 
tions which are taken from the main mass of the dyke. 

The mutual relation of the felsj)ar and pyroxene is that so 
eminently characteristic of the German and Swedish diabases, but 
which is also found in certain typical dolerites. 

The secondary products are calcite, quartz, and a greenish serpen- 
tin ous mineral giving aggregate polarization. The latter mineral 
occurs sparingly, and may possibly be a pseudomorjh after olivine. 
Calcite and quartz occur in the spherical amygdaloids already 
mentioned, the former mineral making up the central and larger 
portion of the amygdule, and the latter occurring as detached crystals 
or crystalline granular aggregates near the periphery. It is especially 
worthy of note that the lath-shaped felspar sections are frequently 
arranged with their longer axes parallel to the boundaries of the 
amygdaloids, a fact which can only be explained by supposing that 
the cavities were produced when the rock was plastic. The presence 
of gas-cavities in a rock which was evidently produced under great 
pressure is somewhat anomalous. 

The marginal portion differs in texture from the main mass of the 
dyke. It is micro-porphyritic ; but, owing to the enormous amount 
of alteration which has taken place, it is somewhat difficult to make 
out its original character. The larger constituents are irregular 
grains of magnetite, lath-shaped felspars, frequently having bifid 
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and ragged terminations, and green pseudomorpbs after a pyroxene 
having definite crystalline boundaries ; both the six- and eight-sided 
forms characteristic of sections of augite parallel to the orthopina- 
koid, and at right angles to the vertical axis, may be easily 
recognized. The ground-mass is a confused aggregate of extremely 
minute felspar microlites, specks of opacite, and indistinct brownish 
granules. Isotropic glass may or may not be present ; a considerable 
amount of calcite in the form of crystalline powder is scattered 
throughout the mass. 

The absence of well-formed augites in the main mass of the dyke, 
and their presence in the more rapidly cooled marginal portions, is 
a fact of some considerable importance, as apparently showing that 
the period of consolidation of the augite is dependent rather upon 
physical than upon chemical conditions. In microscopic structure 
the rock of the Hehburn dyke differs from that of either of the dykes 
already referred to and approximates very closely to that of several 
dykes now to be described. 

Is this dyke of Tertiary or pre-Tertiary age? Xo definite answer 
can he given to this question. It is not known to cut any formation 
of later date than the Coal-measures. 


The Ttnemouth Dyke. 

Literature, 

Winch, X. J. ‘‘Geology of Northumberland and Durham,’’ Trans. 
Geol. Soc. vol. iv. 

Lebouk, Prof. G. A. OuiHne of the Geology of Northumberland 
(1878). 

Ordnance Maps 105 N.E. and N.W. 

This dyke is exposed at the base of the Castle Rock, Tynemouth. 
It may be examined on the shore in the angle formed by the meeting 
of the breakwater and the coast-line, where it is seen in contact 
with Coal-measure strata on the north, and with the wall of the 
breakwater on the south. Permian strata cap the hill on which the 
Priory stands ; but the dyke is not seen in contact with these beds. 
It is about 10 feet wide, and separated into two portions by a 
quartzose vein which is 6 inches wide. The same dyke was ^so 
admirably exposed during the construction of the new railway 
station at Tynemouth in the winter of 1881 and 1882. 

The most interesting feature connected with this exposure was 
the evidence of a breach in the continuity of the dyke, accompanied 
by a lateral shift in the outcrop, amounting to 17 yards. The width 
of the dyke was about 11 or 12 feet, and it possessed a hade to the 
north. Further west the same dyke has been met with near Biddy 
Mill by Mr. Flavell, F.G.S., during the construction of works by 
the North Shields Water Company. Still further to the west, near 

* Lebour, ‘ Geology of Northumberland,’ p. 48 . 
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Newcastle, occurs the well-known Coley-hill dyke, which was for- 
merly worked on a very extensive scale for road-metal, and the 
course of which is now indicated by a deep trench. This dyke af^rees 
very well indirection with the Tynemouth dyke, and AVinch appears 
to have regarded the two as connected. 

I was not able to find the Coley-hill rock in sitn ; but some large 
angular fragments were found in the trench at oiu‘ point, and as 
these agree with the description gived by AVinch, I have no doubt 
that they were portions of the dyke. If so. they ]>rove that the 
petrological characters of the Colev-hill dyke agree with those of 
the Tynemouth dyke, and differ from those of the Ilebburn dyke, a 
fact which seems to establish the connexion of the two former. 

I now proceed to describe the rock of the 'rynemouth dyke. It 
varies in aspect according to the presence or absc'nce of (a) porphy- 
ritic crystals of anorthite and (/;) small spherical amygdaloids. 
The porphyritic crystals frequently measure more tlian 1 centim. in 
cross section ; they are, as a rule, very irregular, and consist rather 
of crystalline aggregates than of simple crystals ; nevertheless 
sections parallel to the basal plane, showing the forms oc Px , oc P', 
and X 'P, are not uncommon. These sections show also the striation 
characteristic of plagioclase. The crystals are glassy in texture, but 
they frequently show a slight tinge of yellow. Isolated fragments 
of these felspars were analyzed by my friend Mr. Stead, with the 
following result ; — 


Silica 47*30 

Alumina 31*50 

Ferric oxide 1*85 

lime 14*88 

Magnesia 0*93 

Potash 38 

Soda 1 *22 

Loss 1 *80 


99*86 

It is impossible to obtain the felspar in a state of absolute 
purity, on account of the numerous inclusions which it contains ; and 
it will also be shown further on that the outer zone of felspar 
substance possesses optical properties somewhat different from the 
central portion ; nevertheless the analysis clearly proves that the 
felspar is closely allied to anorthite. A section of the felspar 
specially prepared and approximately parallel to the basal piano 
gave 55° 10' as the angle between the extinction-positions of 
adjacent lamellae. The corresponding angle in anorthite, according 
to L^vy andFouque, lies between 57"" and 74°, and in labradorito 
between 10° and 14° 30'. Assuming Schuster’s interpretation of 
Tschennak’s theory to be correct, then this figure corresponds to 
about 90 per cent, of anorthite in the mixture. The above facts 
with regard to the Tynemouth felspars have appeared in the GeoL 
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Mag. decade ii. vol. x. p. 252 ; but they are again inserted here in 
order to make the description of the Tynemouth rock complete. 

The spherical amygdaloids, like the porphyritic crystals, arc very 
abundant in certain specimens and almost entirely absent in others ; 
Ihoy vary in size from that of a mustard-seed to that of a pepper- 
corn, and, as a general rule, where the amygdaloids are most nume- 
rous the porphyritic crystals are least numerous, and vice versd. 
The amygdules effervesce freely with hydrochloric acid and are thus 
seen to 1)0 largely composed of calcite. 

The ground-mass of the rock in which the above elements occur 
is cr 3 ^stallino in texture and of a very dark colour. Fractured sur- 
faces are somewhat uneven. A bulk- analysis of the rock yielded 
to Mr. Stead the following result : — 


Silica 

. . , . . 58-30 

Alumina 

10-14 

Ferrous oxide 

4-50 

Ferric oxide 

4-76 

Lime 

10*96 

Magnesia 

2-08 

Potash 

0-94 

Soda 

1-74 


100*02 


Three separate det ^|^^^^ density gave 2*844, 2*845, 

Under the microscope he ground-mass is seen to 

be identical with that of the Hebbum uyke ; it is therefore unne- 
cessary to describe it in detail. In two out of the seven sHdes ex- 
amined the serpentinous mineral appears to form a pseudomorph after 
olivine ; and we may conclude, I think, that olivine was sparingly 
present in the original rock. The large porphyritic crystals call for 
more detailed description. Under polarized light they are at once 
seen to consist, as a rule, of cr}^stalline granular aggregates, as many 
as 7 or 8 crystalline grains going to make up one of the larger porphy- 
ritic masses. The different individuals in a complex mass are not 
orientated in any definite manner with regard to each other, nor 
do the interior boundaries of the crystalline particles show definite 
faces, although the external boundaries usually do. Another feature 
of great interest is to be found in the fact that a narrow peripheral 
zone of felspar substance is usually present, which extinguishes at 
a different angle from the central kernel, and that it is this peri- 
pheral zone which gives the definite crystalline form to many of the 
grains. I have never seen this zone continued between two indivi- 
dual grains of one and the same aggregate. 

It appears, then, that granular* aggregates of anorthite were first 
formed without external crystalline faces, and that, during the later 
stages of consolidation, additional felspar substance of somewhat 
different composition was added, so as to give definite form to the 
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external portions of individual grains — that is, to those portions 
^ich were in contacst with the consolidating magma (PI. XIH. 

The porphyritic felspars frequently contain large numbers of 
minute (*004 mm.) elliptical inclusions of a brownish glass, and 
sometimes large, irregular, and nearly opaque masses of the ground- 
paste. Augite granules are not uncommon in the peripheral zone. 
Under crossed Nicols two types of twinning may bo recognized, the 
lamellae of the prcvailiiig type being usually broad and frequently 
terminating in the centre of a crystal or crystalline grain. 

The microscopic structure of the amygdaloids has been already 
described in connexion with the Ilebburn dyke. 

An experiment was made to ascertain the relative fusibility of 
the ground-mass of this rock and the porphyritic ciy^stals. Several 
pounds weight were placed in a crucible, and subjected to the heat 
of a brass furnace. It was found that this was sufficient to melt 
the ground-mass ; but the largo felspars remained intact, so that 
after rapid cooling they were found imbedded in a brown isotropic 
glass. In a second experiment the cooling was jjrolonged for fourteen 
hours, and it was then ascertained that dense spheriilitcs similar 
to those of the tachylite (?hyalomelan) of Sababurg had developed 
themselves, and that a similar mode of devitrification had taken 
place round each of the porphyritic crystals. 


Brtjnton Dyke. 

Literature, 

Leboub, Prof. G. A. Geology of Northumberland. 

Ordnance Map lOG N.E. 

The course of this dyke in thus described by Prof. Lebour : — The 
Brunton dyke, known in west Allendale, near Whitfield, crosses the 
South 1 . 3 ’ne first to the west of Haj^don Bridge, then between that 
Bttle town and Whamley, and lastly' to the east of the latter place ; 
it crosses the North Tyne near Wall, is well exposed by St. Oswald’s 
Chapel, near Brunton, and is last seen in the Bingfiold Burn on the 
east side of the Watling Street. Two small dykes run close to and 
parallel with this one near its easternmost extremity. Of these one 
is well seen in the Bingficld Burn, and the other in the bed of the 
Pont, where that little stream crosses the W atling Street.” 

The general trend of the main dyke appears to be nearly N.E. 
and S.W. On Peb. 2, 1882, I had the opportunity of examining 
two of the dy'kes above referred to in company with Mr. I’Anson. 
We were directed to the Bj)ot by Prof. Lebour, They are exposed 
in the small burn which crosses the W^atling Street about half a mile 
W.S.W^. of Bingfield. Leaving th6 road at this point and working 
up the stream for a quarter of a mile, or rather less, we see the 
main dyke exposed on the south side of the stream, where it is in- 
trusive in encrinital limestone. The main mass is composed of a 
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dark grey, or greenish-grey, finely crystalline rock, portions of which 
bear a very close resemblance to the ground-mass of the Tynemouth 
dyke. Porphyritic crystals of felspar are very rare, but not entirely 
absent. At the north-west margin there occurs a considerable 
thickness, perhaps 12 or 14 feet, of what appears to be highly altered 
whinstone. This varies in colour from a light grey to a dark greenish 
grey, with narrow zones of brown due to the segregation of iron 
oxides along bounding surfaces and joint-planes. The altered por- 
tion usually eft'ervesces very freely with hydrochloric acid; and 
cracks and amygdaloidal cavities filled with calcite and chalcedony 
are very abundant. The total thickness of the dyke is about 20 or 
25 feet. 

Under the microscope the central and comparatively unaltered 
portions are seen to consist of long narrow lath- shaped felspars, 
irregular crystalline grains and plates of a nearly colourless pyroxene, 
and a small quantity of nearly opaque interstitial matter. The iron 
oxide does not seem to have separated out, but to have remained in 
solution in the paste until the final act of consolidation took place. 
This is probably only a local peculiarity (PL XII. fig. 6). The 
marginal portions of the dyke are so much altered that it is difiicult 
to make out their original characters under the microscope. It is 
worthy of note, however, that the felsi)ars arc comparatively fresh 
even when the other constiiuents have lost all their original cha- 
racters. The amygdaloids and veins of calcite and chalcedony do 
not call for any special description. The specific gravity of the rock 
is 2*9. 


The Seaton and Haetlev Dykes. 

Literature. 

Leboue, Prof. Gr. A. Geology of Northumberland, p. 48. 

Ordnance Maps 105 N.E. and N.W. 

In this district there are several parallel dykes running at short 
distances from each other in a direction slightly N. of W. and S. ofE. 
They are exposed on the shore between Seaton and Hartley (one 
near the northern angle of the shore and another near the spring 
which rises on the shore), in the small valley to the west of the 
village, where they are now (1882) being quarried for road-metal, 
and also in the Shankhousc collieries further west. At page 48 of his 
‘ Geology of Northumberland,’ Prof. Lebour writes : — “In some cases 
the actual natural top or vertical dying- out of a dyke may be seen, 
as on the coast a little to the south of Seaton Sluice. Here, near 
a spring on the beach, a dyke, at least 12 feet in width where it 
rises at the foot of the cliff, is finely shown ending off in two tongues 
of basalt, the longest of which, after curving amungst disturbed and 
contorted shale, dies out about 11 feet from the ground beneath a 
bed of sandstone, which it had not the force to break through. The 
fault along which this dyke was injected is well seen continuing its 
upward course.” At the time of my visit this section was obscure, 
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but the same feature was exposed in a small quarry on the east 
side of the dene, a few hundred yards inland. The dyke here was 
about 10 feet wide at the bottom and 5 feet at the top of the quarry, 
the depth exposed being about 20 feet : it terminated upwards in 
an abrupt manner, and the indurated shales which were continuous 
over the top showed a slight upward arching. Macroscopically and 
microscopically the rock bears the closest resemblance to that last 
described. 

Through the kindness of ITessrs. Linsby and Ormsby, I was con- 
ducted to two exposures in the Shankhouse pit. The south dyke 
was here seen to be 7 or 8 feet wide, its centre being occupied by 
a rubbly mass containing angular fragments of whin and Coal-mea- 
sure strata ; Mr. Paterson, the overman, informed me that this 
was a common fcatui’c in the dykes of this district. I presume that 
the centre has in many cases been a plane of weakness, o\\dng to 
cooling from opposite sides, and that subsequent movement has 
taken place along this plane, giving rise to a hiult-breccia. The 
northern exposure in this colliery showed two parallel dykes, one 
measuring several feet and the other only 11 inches in thickness. 
These two dykes run together into one within the limits of the same 
royalty. The coal was much charred in the neighbourhood of the 
igneous rock, which was seen in one case to send off narrow’ irregular 
veins. The narrow dykes and veins were altered to the condition 
of white trap ” 

Numerous specimens from these dykes as they are exposed on 
the shore near Seaton, in the dene, and in the Shankhouse pit have 
been examined both macroscopically and microscopically. Every- 
where they present the same features. The rock is dark, in some 
cases almost black in colour and finely crystalline in texture. Por- 
phyritic elements arc very rare, but now and then crystals of felspar, 
eiinilar to those of the Tynemouth rock and doubtless belonging to 
the same species, may be recognized. In some specimens the small 
spherical amygdaloids are not uncommon. Alteration at the surface 
gives rise to the characteristic brown colours ; but in the i)it these 
are never observed, the large amount of organic matter causing 
the water to act as a reducing, instead of an oxidizing agent. The 
specific gravity of the rock varies from 2*81 to 2*824. 

Under the microscope one recognizes long narrow sections of 
plagioclase, irregular grains and plates of a colourless pyroxene, 
and a certain amount of interstitial matter rendered more or less 
opaque by various devitrification-products, and especially by small 
crystals, rods, and granules of magnetite. In some cases the ulti- 
mate base is seen to be a rich brown isotropic glass. The secondary 
products comprise, as usual, calcite, quartz, pyrites, and a yellowish- 
green substance giving aggregate polarization. The latter product, 
however, is by no means invariably present. A section of the white 
altered rock from the pit shows the felspar fresh, and the pyroxene 
replaced by calcite. 

* Jukes, ‘ South Staffordshire Coal Field,* 2nd edit. p. 118. 
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Moepeth Dyke. 

Literature, 

Leboue, Prof. G. A. Geology of l^orthumberland, p. 48. 

Ordnance Map 105 . N.W. 

Specimens of this dyke have been kindly given to mo by Prof. 
Lebour. It crosses the Wansbeck a few yards below the viaduct of 
the North-Eastern Eailway near Morpeth Geology of Northum- 
berland,’ p. 48). The rock is somewhat blacker and more closely 
crystalline than that of the dykes hitherto described ; it is also 
denser, its specific gravity lying between 2*88 and 2*89. Crystals and 
crystalline granular aggregates of felspar (? anorthite) occur as por- 
phyritic elements ; but as they do not differ markedly in size from the 
larger felspars of the ground-mass, they arc not so easily recognized 
in the hand-specimen as in the thin section. 

Mr. Stead has analyzed the rock with the following result : — 


Silica 51*20 

Alumina 20*03 

Ferric oxide 7*57 

Lime 1 0*52 

Magnesia 0*75 

Potash 0*51 

Soda 1*71 

Water 1*70 


99*99 

Under the microscope the rock is seen to liavo very close relations 
with that of the Tynemoulh and the i*elated dykes. There are th 
same porphyritic felspars and amygdaloids, although these are not 
nearly so abundant or so large as in the Tynemouth rock, and the 
same long lath-shaped felspar sections, irregular grains and plates of 
pyroxene, and interstitial matter, with its various devitrification- 
products. There is, however, one important point of difference : oli- 
vine, both fresh and in the form of a green and brown serpentinous 
pseudomorph, is eoraj^aratively abundant in this rock. This occur- 
rence is of some interest, on account of the rarity of this mineral 
in the rocks described in this paper ; indeed this is the only rock 
here referred to in which I have detected the mineral in an un- 
altered condition. 

It must not be supposed, however, that this fact differentiates 
the Morpeth dy]^e from the dykes of Hebbum, Tynemouth, Brun- 
ton, Seaton, and Hartley ; for in aU other points there is the closest 
resemblance between them ; and, moreover, pseudomorphs after 
olivine occur sparingly in the Tynemouth and probably also in the 
other dykes. 

Ditkes. , 

Literature, 

Lebotte, Prof. G. A. Geology of Northumberland, p. 50, 

Ordnance Map 108 S.E. 
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INfro dykes, presenting a type of structure in some respects dif- 
ferent fix)m that of any of those previously described, are exposed 
on the east side of the Tarret, near High Green, a farmhouse about 
5 miles N.N.W. of Bellingham. My attention was first called to 
these dykes by Prof. Lebour, and subsequently Mr. Howell was kind 
enough to mark them in for me on my maps. 

The first to be described strikes W. 10° S., E. 10° N., and crosses 
the Tarret Bum at a point W.S.W. of High Green. It is well ex- 
posed in the bed and along the sides of the stream, where it is 
about 50 feet thick. The central portions are coarsely and uniformly 
crystalline in texture ; but the margins, where not highly altered, 
are finely crystalline or even compact. The only elements which 
can be distinctly made out with a hand-lens are felspar and pyrites, 
the latter mineral occurring very sparingly and only in certain 
specimens. 

Its specific gravity lies between 2*9 and 2*93, and its chemical 
composition, as determined by Mr. Stead, is as follows : — 


Silica 53*70 

Alumina 18*21 

Ferric oxide 10*f)4 

Lime ()*0() 

Magnesia 5*24 

Potash 0*99 

Soda 2*()5 

Water 1*»55 


99*(M 

One of the most interesting features connected with this dyke is 
its mode of alteration at the north margin. The rock there shows 
a cellular structure, evidently connected with its mode of jointing. 
The walls of the cells are formed of a deep brown and comparatively 
hard substance, evidently rich in hydrated ferric oxide, while the 
cells themselves are filled with a friable white or cream-coloured 
material. On analysis these two substances yielded to Mr. Stead 
the following results : — 


Silica 

Cell-walls. 

43-50 

Oell-coi) tents. 
66-20 

Alumina 

14*6] 

23-92 

Ferric oxide 

31*14 

*0*78 

lime 

0*44 

0*95 

Magnesia 

0*11 

0*33 

Carbonic acid . . . 


traces 

Potash 

! 0*09 

0-04 

Soda 

0*26 

0-57 

Water 

9*50 

7-00 


99*65 

99-79 


On comparing these analyses with each other, and with the 
analysis of the comparatively unaltered rock, we see that tfee efifect 
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of the alteration has been to remove the alkalies and alkaline earths, 
to introduce water, and to concentrate the iron in the form of 
hydrated peroxide along the margins of the joint-planes. It is not 
difficult to trace the probable steps by which these results have 
been brought about. In the first place the silicates would be de- 
composed by the action of water charged with carbonic acid ; and 
the carbonates of lime, magnesia, and iron thus formed would be 
in part held in solution by an excess of carbonic acid. This solu- 
tion would come into contact with oxygen along the joint-planes, and 
hydrated ferric oxide would be precipitated. Difiusion would tend 
to cause the carbonate of iron held in solution in the interior of the 
cells to move outwards, and thus fresh portions would be brought 
under the influence of the oxygen, obtaining access by means of the 
joint-planes, and a further precipitation of ferric oxide would take 
place. This process would be continued until the whole of the iron 
had been removed from the interior of the cell, and concentrated in 
the neighbourhood of the joint-planes. In short the action would 
bo analogous to that described by Prof. Judd as having taken place 
in the case of the Northamptonshire iron-ore*. The carbonates of 
lime and magnesia would of course also be removed from the inte- 
rior of the cells ; but as there would be no chemical action tending 
to separate the lime and magnesia at the joint-planes, these bases 
would be compleiiely removed by the percolating jvaters. Here, 
then, we witness the result of an interesting chemical operation : 
iron is separated from lime and magnesia by the action of oxygen 
on a solution of the carbonates ; iron is precipitated as ferric oxide, 
while the carbonates of lime and magnesia remain in solution. 

We return now to the description of the unaltered rock. Under 
the microscope (PI. XIII. fig. 2) one recognizes felspar, pyroxene, 
and large ])lates of an opaque mineral, which appears to be ilme- 
nite t, also colourless prisms of apatite. The rock is composed 
almost entirely of crystalline elements, and in structure is emi- 
nently diabasic {structure ophitufue of Levy and Eouque and dia~ 
hasisck- Jcornicf of Ilosenbusch). 

Felspar , — This mineral occurs in lath-shaped sections, usually 
three or four times as long as broad. In the Tynemouth dyke 
and its associates the corresponding felspars, as we have seen, are 
very long in proportion to their width. Another point of difierence 
lies in the fact that the felspars in the High-Green dyke are more 
or less altered, while those in the altered portions of the Tyne- 
mouth dyke are comparatively fresh. This probably indicates an 
important difference in chemical composition. Under polarized 
light, and in cases where the alteration has not proceeded so far as 
to destroy all individual action, the crystals are seen to consist of 
binary, or more frequently of multiple twins. 

Pyroxene occurs as isolated crystalline grains and irregular jdates ; 

* ‘ Geology of Rutland/ p. 133. 

t Titanic acid was not estimated in the analysis, and is therefore weighed in 
part with the silica and in part with the alumina and iron, 

a.J.G.S. No. 158. 
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but more frequently as crystalline granular aggregates. It appears, 
in the thin section, of a pale brown colour. Twinning is common, 
and the prismatic cleavages are usually well marked. The lath- 
shaped sections frequently interpenetrate the pyroxene, thus giving 
rise to the diabasic structure. 

llmenite , — This occurs in large opaque plates of great irregularity, 
interpenetrated by the other crystalline elements. The habit of 
this mineral in the High- Green rock is exactly the same as in the 
diabases of the Hartz, Nassau, and Saxony, except that it is not 
altered into the white silico-titanate of lime. 

The most important secondary product is a greenish serpentinous 
mineral containing specks and veins of opacite. This may possibly 
be a pseudomorph after olivine. 

llather more than a mile to the north of the dyke just described 
is another having a somewhat similar character. It is well exposed 
in an old quarry on the east side of the Tarret Burn, where it is 20 
or 30 feet wide, and weathers in a markedly spheroidal manner. 
The rock is black in colour and distinctly crystalline in texture. 
Porphyritic elements are not distinctly recognizable by the naked 
eye ; but under the microscope two generations of felspar are at 
once seen to be present. , 

The original constituents are felspar, pyroxene, ilmenite, apatite, 
and possibly also olivine. A very small quantity of a pale brown 
isotropic glass is present. If we except the earlier generation of 
felspars and the small quantity of isotropic glass, then there is the 
closest resemblance between this rock and that of the more southern 
dyke. The other constituents have the same individual character- 
istics and are similarly related to each other ; they do not therefore 
call for any special description. 

The felspars which give the porphyritic character to the rocks are 
few in number, and may be distinguished from the others by their 
form and by the presence of a large number of irregular ramifying 
inclusions of the ground-mass. The specific gravity of the rock is 
2-92. 

Acklington Dyke, 

Literature, 

Lebour, Prof. G. A. Geology of Northumberland, p. 49. 

Ordnance Maps 109 S.W. and 108 N.E. 

The course of this dyke is thus described by Prof. Lebour : — “ It 
stretches across the entire width of the country from the coast at 
Boudicar, near Acklington, cutting through Coal-measures, Millstone 
Grit, the whole of the Bernicians, the Tuedians, and the Cheviot 

porphyrites it runs on for many miles across the south of 

Scotland. It is well seen at numberless places along its course, 
notably at Debdon, Cartington Castle, and the road along the 
Coquet, near Shillmoor. At Acklington it is 30 feet wide.” 

I have examined it myself at the point where it crosses the Coquet, 
half a mile above the Mill, near Acklington Park, and again at two 
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points near Newton and Clennel, 17 or 18 miles further west. Also 
on the hills about 2 miles north-west of Alwinton, at the point where 
it crosses the Usway, half a mile above Shillmoor Earm, and, lastly, in 
the road along the Coquet, one mile above Shillmoor. At the two 
last-mentioned exposures the dyke is intrusive in Cheviot porphy- 
rites. 

Observations based on numerous specimens collected from the 
above localities prove that the rock of this dyke, like that of the 
Cleveland, Cockfield, and Armathwaite dyke, is remarkably constant, 
both in its macroscopic and microscopic characters, throughout the 
entire length examined. It is distinctly crystalline in texture, and 
of a bluish-grey colour when freshly broken. The colour, however, 
rai)idly changes to black on exposure. Porphyritic crystals of fel- 
spar are not to be recognized bj^ macroscopic examination ; and in 
this respect there is a marked difference between the Acklington 
and Cleveland dykes. Determinations of the specific gravity of 
specimens from each of the above localities were made, with results 
varying from 2'805 to 2*817. The average may be taken as 2*81 ; 
and the deviations from this average, therefore, do not appear to 
reach more than two fifths per cent. Mr. Stead has analyzed the 
rock with the following result : — 


Silica 57*80 

Alumina 1(M8 

Eerric oxide*' 10*07 

Lime 6*18 

Magnesia 4* (>8 

Potash 0*77 

Soda 2*38 

Water 1*70 


99*76 

Under the microscope the original constituents are seen to com- 
prise felsi)ar, pyroxene, magnetite, and interstitial matter, with 
various devitrification-products. The general structure reminds one 
of the ground-mass of the Cleveland, Cockfield, and Armathwaite 
dyke, except that tliii interstitial matter in this case is much less 
abundant. 

Felspar . — The prevailing felspar occurs in lath-shaped sections 
similar in every respect to the smjill felspars of the Cleveland dyke. 
A detailed description is therefore unnecessary. In the majority of 
slides examined these are the only felspars to be recognized ; but in 
one or t^^^o other forms occur which belong to an earlier generation, 
and therefore give the rocks a porphyritic character. These give 
sections more equal in the different directions ; they contain nume- 
rous inclusions, and are usually composed of a central nucleus and 
a peripheral zone, which extinguish in slightly different positions. 

Pyroxene occurs in crystalline grains and small imperfectly deve- 
loped crystals, the latter sometimes elongated in the direction of the 
* Total iron reckoned as Ee^Oa* 
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TBrtical axis. Twinning is common, and cleavages are sometimes 
well shown. In thin sections this mineral is almost colourless. 

Magnetite is present as small crystals, grains, and skeleton- 
crystals. 

The interstitial matter is similar in every respect to that which 
is so common in the Cleveland dyke, and does not therefore call for 
special description. The secondaiy’^ products are calcite and quartz. 
Pyrites also occurs. Amj’gdaloidal cavities containing a crystal of 
calcite surrounded by a narrow zone of chloritic material are found 
both at Debdon and ClenneL 

The dyke is not known to intersect any formation of later date 
than the Coal-measures ; but from the fact that it bears a close re- 
semblance in character and direction to that of Cleveland, I am 
disposed to regard it as of Tertiary age. 


Conclusion. 

If we reconsider the facts recorded above, it will appear that'tbe 
dykes to which reference has been made fall into four more or less 
distinct groups : — 

1. (a) Cockfield, Cleveland, and Armathwaite dyke. 

{h) Addington dyke. 

2. The Hett and related dykes, including the sill in the 

Browny and Page-Bank collieries. 

3. (a) The Ilebbnrn dj’ke. 

(/>) The Tynemouth dyke. 

(c) The Bninton dyke. 

(d) The Seaton and Hartlo}^ dykes. 

(e) The Morpeth dyke. 

4. The High-Green dykes. 

Groujis 1 and 3 resemble each other in chemical composition 
and specific gravity; so also do groups 2 and 4. The former 
have a silica percentage varying from 57 to 5i), if we except the 
somewhat abnormal Morpeth dyke (which appears in other respects 
to belong to group 3), and a specific gravity of about 2*7 or 2*8 ; the 
latter have a silica percentage varying from 51 to 53, and a some- 
what higher specific gravity. Groups 1 and 3 are distinguished 
from each other by certain peculiarities of microscopic structure, 
which may or may not be related to a difierence in geological age. 

Groups 2 and 4 are closely related both in composition and 
structure, the principal difference being a pathological one. Altera- 
tion-products abound in group 4, but are for the most part absent 
from group 2. 

If we consider the dykes with reference to the structures indi- 
cated by the terms “ porphyritic,” granular,” and “ holocrystal- 
nne,” as these are used by Prof. Rosenbusch, we find that the Hett 
and the High-Green dykes are almost, though not entirely, holo- 
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crystalliae and granulax ; whereas the others contain a considerable 
amount of indistinctly individualized matter. All the dykes show 
occasional traces of two generations of felspar ; but the only ones 
which aro conspicuously porphyritic are those of Cleveland and 
Tynemouth. 

The observations which have been made on the Cleveland, Aek- 
lington, and Hett dykes prove that the minute characters, both of 
composition and structure, are constant throughout great distances, 
and bear no relation to the surrounding rocks. These observations 
do not lend any support to the view that the igneous matter has taken 
up any appreciable portion of the sedimentary material into which it 
has penetrated. If we endeavour to give names to the rocks here 
described we are met by the difficulty arising from the absence 
of unanimity among petrologists as to the use of such terms as 
basalt, dolerite, augite-audesite, aiigite-porphyrite, diabase, and 
melaphyre. 

In this country we find it quite impossible to apply any system of 
classification which primarily depends on a distinction between 
pre-Tertiary and post-Tertiary rocks, for the following reasons : — 
(1) The age of many of our eruptive rocks, including some of the 
dykes here referred to, cannot be determined by field-evidence ; (2) 
rocks identical both in structure and composition, and belonging to 
the basic, intermediate, and acidic groups, have been formed at 
widely separated intervals of geological time. 

If we assume, for the purpose of indicating the relations of our 
rocks with those of thee ontinent, that groups 2, 3, and 4 aro of 
pre-Tertiary age, then the Hett and High-Green dykes would have 
affinities with the diabases ind augite-porphyrites, but would be 
more allied to the former than the latter. The High-Green dyke 
might almost be called a typical diabase ; for the interstitial matter 
is hardly present in recognizable (juantity, and the 2 )orphyritic fel- 
S 2 )ars are very few and far between ; they cannot be recognized 
without the microscope. In the mode of alteration of the rock and 
the character of the ilmenite it exactly resembles many of the 
continental diabases. The dyke to the north of High Green is 
more distinctly porphyritic, and indicates, therefore, a transition 
from the diabases to the melaphyres. 

The dykes of group 3 would, on the continent, be described as 
melaphyres; indeed Prof. Itosenbusch speaks of a rock from IS^ew- 
castle-on-Tyne, probably a portion of the Tynemouth and Coley- 
hill dyke, as a true melajjhyre (‘ Massige Gesteine,’ p. 410). 

It is worthy of note that many of the rocks to which the term 
“melaphyre” has been applied have a higher silica percentage 
(about 56 per cent.) than dolerites and basalts. Thus they are 
described in the older petrology as consisting essentially of oligo- 
clase and augite, whereas the felspar in the basalts is described as 
labradorite (Zirkel, Lehrb. d. Petrogr. 1866, Band ii. p. 39). If this 
view were generally accepted, then the melaphyres would bear the 
same relation to the augite- andesites as the diabases do to the 
dolerites. 
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The Cleveland, Cockfield, and Armathwaito dyke in composition, 
structure, and geological ago is a p3Toxene-andesito ; and as the 
pyroxene is monoclinic, it may fairly be called an augite- andesite. 

The classification of the rocks referred to in this paper would be 
greatly facilitated if we had a ready method of determining the 
felspars. Unfortunately we a])pear to have no such method. I 
have tried both altcrability by acid and the method of extinction, 
as recommended by Messrs. Ixwy and Foiique. The results, how- 
ever, have not been such as to give me confidence in tluur general 
applicability. When the crystals are suffichuitly large to enable 
one to isolate fragments, then specific-gravity determinations and 
optical tests yield results which are doubtless tlioroughly reliable. 
In conclusion I would remark that any system of classification, to bo 
natural, should take into consideration all the characters of igneous 
rocks — chemical composition, mineralogical composition, micro- 
scopic structure, and mode of occurrence ; and that in estimating 
the relative value of those characters great importance should be 
attached to the fact that the chemical composition of unaltered spe- 
cimens is that of the original magma, by the consolidation of which 
the rock in question has been produced. 


EXPLANATION OF PLATES XH. & XIIL 
Plate XII. 

Fig. 1. Cleveland dyke, centre; XoO. Portion of a porphyritic felspar in top 
right-hand comer. The remainder of the figure ill ustrates the general 
structure of the ground-mass. Crystals of felspar, grains and 
granular aggregates of augite, magnetite, and interst itial matter may be 
recognized. 

2. Cleveland dyke, margin: xhO. Broken and corroded felspar in the 

top right-band comer. General structure of the ground-mass shown 
in the remainder of the figure. Compare with fig 1. 

2a. Armathwaite dyke: x3.50. Portion of glassy base showing a small 
augite surrounded by longulites and globulites. Longulites formed 
by the coalescence of globulites. The small augite runs out into 
microlites. 

3. Cleveland dyke, Preston: x20. Large felspar zoned by inclusiona 

and penetrated by inlets of the ground-mass, 

4 a. Cleveland dyke, Preston : x 170. Skeleton felspars in the ground- 
mass. 

4 h, Cleveland dyke, Preston : x 1 70. Structures observetl in the interstitial 
matter. 

5. Hett dyke, Hett village: X40. Illustrating structure of the Hett 

and related dykes, .\ugite, felspar, and magnetite make np almost 
all the whole mass of the rock, and may be recognized in the figure. 
A patch of augite granules occurs in the centre. 

6. Brunton dyke, Bingfield : x40. Illustrating structure of the ground- 

mass of the Tynemouth and related dykes. The figure shows long 
narrow felspar sections, irregular grains and granular aggregrates of 
augite, and interstitial matter, rendered nearly opaque by imper- 
fectly individualized magnetite. 
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J4g. 1. O^yateiouth dyke. Niook eroMed; x20. A portion of one of tbe 

C iular aj^gregatet of anorthite is represented in the bottom rigbt> 
a portion. It is partially zoned with felspar, haying different 
optical projpertiM ; but this zone is not continued between two con- 
tiguous grains of anorthite. Two amygdaloids occur in the top left- 
h^d portion of the figure. The outer zone of the larger amygdaloid 
is formed of quartz. The ground-mass is composed of long lath- 
shaped felspars, bright-coloured aupte grains, and dark interstitial 
matter, which is nearly opaque in this section, even when viewed with 
ordinary light. The figure illustrates the typical structure of the 
Tynemouth and related dykes. 

Fig. 2. High-Green dyke. High Green : x30. Ordinary light felspar, augite, 
and ilmenite. Structure that of a typical diabase. Brown tint of 
the augite somewhat exaggerated. 


Discussion. 

The Pbesident remarked upon the exhaustive treatment of his 
subject by the Author. 

Mr. Topley pointed out that very little had been done by previous 
authors in describing these dykes. He said that in the Acklington 
dykes chlorophasite had been detected for the first time in England. 
Some of the dykes are probably of Miocene age, while of others 
the age is doubtful. The question of the absorption of the aqueous 
rocks by igneous rocks, especially basalt, is one of very great in- 
terest to geologists — the stratigraphical and chemical evidence 
seeming to be at variance. 

The Rev. E. Hill pointed out the difference between the oases 
when the dyke was simply filled from below, and when the fissure 
formed a channel for the upward passage of the molten matter. 

Mr. Mark referred to the existence of diabase dykes in Bohemia, 
in which fragments of Orthoceratites were found intact. 

Prof. Judd congratulated the Author on his very valuable contri- 
bution to petrographical science. He pointed out some of the dif- 
ficulties in accepting the theory of the absorption of stratified 
material by igneous rocks. 

The Author called attention to an angular fragment of sandstone 
included in the rock of the Cleveland dyke. It did not lena any 
support to the view that absorption of sedimentary rooks had taken 
place. He admitted that certain stratigraphical facts appeared to 
point to an opposite conclusion, and instanced the manner in whioh 
certain dykes terminate beneath the surface. He considered, how- 
ever, that the balance of evidence at present was against the idea 
of absorption to any appreciable extent. 
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14. The Deoitwich Brine-spkings and Salifeeous Marls. 

By C. Parkinson, Esq., F.G.S. (Read December 19, 1883.) 

The valley of Droitwich lies in the lowest part of a trough, the 
Upper Keuper Marls partly filling up a deep depression in the lower 
Trias and Permian rocks. The geogra 2 )hical direction of the valley 
is from N.E. to S.W., taking a westward turn through the town of 
Droitwich itself. It is in the Red Marls that brine-springs are met 
with — a source of considerable wealth to the surrounding population, 
but, on the other hand, the cause of great depreciation in the value 
of land and house property within the borough of Droitwich. 

As we pass through the towm by t he Birminghj^m and Bristol lino 
of the Midland railway, a strange scene of dilapidation lies before 
us. Every chimney is out of the perpendicular : houses a])pear to 
bo sinking in, and signs of active subsidence show themselves on 
every side; the very ground over which the line passes hardly seems 
safe from a sudden collapse. Standing in the churchyard of Dodder- 
hill*, an eminence nearlj" overlooking the town and valley, it is 
possible to trace the line of country which is so atfected by the 
extraction of salt, the probable area of the brine-basin of this locality. 
From the evidence afforded by this subsidence, and from experimental 
borings, the width of this area does not exceed 300 yards, while 
the length, so far as has been ascertained, is about 0 miles — this 
length extending from Stoke, 4| miles N.E. of Droitwich, to a point 
not far beyond the town, S.W. or W. This area represents the 
district productive of brine-springs or rock-salt in quantity or quality 
which may be worked at remunerative cost. The saliferous marl, 
however, passes in a line just missing AVorcestcr ; and on Defford 
Common, 12 miles south-west of Droitwich, weak brine-springs have 
been tapped. The same may be said of Bromyard, on the Hereford 
side of the county ; all attempts have failed to extract the salt any- 
where west or south-west of Droitwich. In a N.E. direction, at 
Stoke works, the brine is even stronger than at Droitwich. 

That further mischief in the way of land-subsidence may be 
expected in Droitwich and some outlying farms &c. is evident from 
an examination of the centre of the town itself. In High Street, 
between the parish church and a point where the Worcester road 
joins the street, a deep depression occurs. Twenty years ago 
water ran down this street in exactly the opposite direction ; and 
recent cracks in the Royal Hotel and other houses (in fact every 
one) show that a gradual subsidence still goes on ; the canal-level has 
sunk 4 feet 9 inches in the five years. Further than this, at a place 
below the last lock from the Stoke side there are 20 feet of mud 
on the original bed of the canal, showing a subsidence which has 
occurred chiefly within the last 15 years. I think that in this 
immediate vicinity considerable danger exists of some extensive and 
* Both church and vicarage being in a most insecure position. 
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sudden fall. Again, south-west of the town, over Yew-Tree Hill, 
the fields subside so rapidly that a fanner informed me he could no 
longer cultivate his land at that part (a strip from 10 to 15 yards 
across). For 1| mile a subsidence appears in this direction, showing 
that brine is extracted from underneath this hill, or that a cavity 
exists here. Across the garden of the Venerable Archdeacon Lea, 
nearer to Droitwich, the same depression may be noted. Twenty 
feet from the surface, a well in his garden * has a crack across it 
into w'hich a man can crawl ; this is in the Keuper Marls ; and a 
similar cavity may be seen in a well at Rashwood, on the other 
side of Droitwich. As a man can insert his body into this cavity, 
it cannot be less than 2-6 feet. 

The saliferous lied Marl is numbered A 2 in the Triassic series, as 
shown in the Geological Survey Report f. In order to understand 
the position of these Keuper Marls of the Droitwich district it is 
necessary to examine slightly the succession of Trias and Permian 
strata from the ridges of the Lickey and Clent hills, which form the 
southern boundary, to the Dudley Coal-fields. The Lickey Hills are 
of Permian rocks, which, having a southerly dip, disap])car beneath 
the Kew Red Handstones (Lower Keuper, A 6) of the Trias series, in 
the direction of Bromsgrove. A fine section of this Lower Keuper 
Sandstone is exposed in the railway-cutting at Bromsgrove station. 
In these beds, 1 believe, the peculiar fossil fish l)i pteronotus cypJius 
was discovered, and was described by Sir Philip Egerton J as forming 
a now genus. The Lower Keuper Sandstones dip slightly to the 
south, and are bounded east and west by marked faults, the Upper 
Keuper Marls filling up a trough, Droitwich being at about the lowest 
part. The total fall from the higher Lickey Hills, through Broms- 
grove and Stoke, is not less than 800 feet, a point of some import- 
ance in connexion with the brine-springs of Droitwich. A small 
stream, the Salwarpe, rising in the Lickey Hills, passes through the 
valley. There is also a branch canal through Droitwich from the 
Worcester and Birmingham Canal, running almost parallel with the 
railway. The gradient of the Midland line from Droitwich to the 
top of the Lickey incline cannot be less than 1 in 70, the section 
from Bromsgrove station to the Lickey being one of the steepest 
inclines on any line of railway in England. 

From Stoke works to Droitwich there are twelve canal-locks, each 
having a fall of about 6 feet, the distance being miles. These 
details afford us Some means of estimating the difference in level 
from the Lickey to Bromsgrove, to the Stoke works, and on to 
Droitwich, 

For over a thousand years salt has been extracted from the 
marls of this locality. Salt-furnaces are mentioned in ancient 
records from a.d. 816 1|. It is certain, however, that the salt supply 

* The Arcndeacon kindly offered me a seat in the bucket to inspect this crack 
or cavity. 

t Hull, Geol. Survey Reports, vol. viii. Trias and Permian Rocks, p. 10. 

t Quart. Journ. Geol. Soc. vol. x. p. 369. 

II Nash, Hist. Worcester, vol. i., Section on Droitwich. 
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in early days was only such as could be worked at or near the sur- 
face. It was not till 1725 that salt-springs below the gypsum bands 
were discovered ; and Dr. Nash, the historian, states that for a long 
time fully nine tenths of the natural supply ran to waste through 
the Salwarpe into the Severn. In 1779 one liichard Norris sank a 
well through the Ked Marl and gypsum, striking a brine-spring, 

apparently 80 feet from the surface. With such force did the water 

rush upwards that either one or two workmen lost their lives, being 
unable to escape the flowing spring ; the force of the water is, I 
think, a point to be noted. Of this well Dr, Nash gives the 
following rough section : — 

5 feet Mould. 

35 ,, Marl. 

40 „ Talc. 

22 inches Brine-river. 

75 feet Talc. 

f) Rock-salt. 

The talc mentioned is no doubt gj^psum, which occurs in veins of 
difierent thickness in the Ked Marls. 

Within the last twenty-five or thirty years the character of the 
brine-pits has completely changed. The old pits, W alkcr’s, W alwy n’s, 
Komney’s, Stuckey’s, and Farley’s, named by Mr. Horner, F.K.S., in 
his paper *, are entirely lost sight of. Even twenty-five years ago 
the brine welled up to the surface in certain pits, a great quantity 
running to waste. It is now pumped up by engines from a depth of 
210-220 feet in Droitwich, and at Stoke works from a depth of from 
800 to 1000 feet, showing a remarkable diflcrence, when we consider 
the fact of the two places being within 5 miles. At the surface, 
therefore, we find no traces of brine at the present time, while many 
of the old pits are either closed or abandoned. No doubt the supply 
of brine nearer the surface failed as soon as steam-pumps tapped 
the lower source of the springs. About 36 borings have been 
worked, but a few only remain in full activity. 

The section I now give may be taken as a representative one in 
the immediate valley of Droitwich, since the newer machinery has 
been used in boring and pumping. The area is limited where a 
sufficient supply of brine can be reached ; it is, indeed, within the 
narrow strip before mentioned, 300 yards wide, running through the 
centre of the town, where the signs of subsidence are most evident ; 
a natural reservoir, 210-220 feet below the surface, has been disco- 
vered here. Kepeated borings have clearly proved where the 
deepest cavity exists, which gradually shelves off at each side, 
while, outside of this area, a boring of over 300 feetf fails to 
touch either a cavity or brine-springs, though several feet of rock- 
salt are found in places. 

My section commences with a black peaty soil followed by quick- 
sands and gravel base ; the black alluvial soils are only mot with in 
the valley watered by the river Salwarpe. The quicksands are 

♦ Leonard Homer, “ Account of the Brine-springfl at Droitwich,” Trans. 
Geol. Soc. ser. 1, vol. ii. p. 94. 

1 1 think a deeper bonng would probably reach rock-salt. 
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not always present ; they average 6 feet, sometimes being as much 
as 10 feet. Springs are always found here, and extend down 60-70 
feet into the marls. These springs are fresh, occasionally brackish. 
The real work of boring commences some 30 feet from the surface ; 
hut away from the valley the Hed Marls are much nearer to the 
top. The quicksands, it should be stated, occur also in Cheshire 


Section of most recent boring at the worlcs of the Droitwkh Salt 
Company, {Details supplied by the engineer and the man who 
actually assisted m the woric,) 

Black peaty soils, varying in thickness in different 
parts of the valley. 

Quicksands, with fresh springs. 

Base of gravel, loose stones and sand. 

Rod Marls, alternating with shaly greyish beds of a 
few inches ; few, if any, traces of salt. 

Springs to r)0-70 feet from surface. 

Bands of gypsum occur irregularly. 

Red Marls with traces of salt (jrystals. 

Irregular accumulations of rock-salt. 

Lower marls, intermixed with sand of a harder 
texture. 

Intensely hard crust of gypsum. 

Salt; springs from a cavity. 

The lied Keuper Marls (an admirable section is exposed in the 
cutting at Rainbow HiU, Worcester station), through which the 
real boring-operations commence, are bright in colour, friable and 
regularly stratified : some bands appear to be of an inferior sand- 
stone, shaly in character, and intermixed with thin bands of greyish 
or micaceous sandy beds, also shaly. As far as fresh springs are met 
with, salt appears to be absent. Bands of gypsum occur irregularly ; 
these are intermixed with red marls, having traces of salt crystals. 

Accumulations of rock-salt of several feet are met with in some 
borings. The lower marls become harder in texture and are mixed 
with sand and gypsum. At about 210 feet the hard crust above 
the brine occurs, a sure indication that the springs are reached. 
The steel bore rebounds again from its contact with this hard, 
gypseous bed, from 1 foot to 1 foot 6 inches thick. 

Immediately the hard band is pierced the steel rods fall through 
a cavity ; in the instance I inquired into, a drop of 9 feet. The 
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lf)-20 feet. 

6 feet. 

3 feet. 

40 feet. 


140 feet. i 


1-1^ foot. 
6-0 feet. 


* Section, Qeol. Survey Report, vol. viii. Hull’s Trias, ohap. ix. p. 110 (1864). 
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brine at once flows up with great force, fourteen feet is the 
deepest part as yet discovered ; at either side of the 300 y^ds 
depression the spring cavity is about 4 feet. Underneath this a 
boring has never yet been made, and we can only judge, from the 
deeper shafts at Stoke works, the probable strata over which the 
brine-cavity exists. The extent of the natural brine-river, or 
reservoir, can hardly be ascertained ; but it cannot bo less in breadth 
than 200 yards, and half a mile in length ; that other cavities are 
under Yew-tree Hill, Eashwood, and other parts is certain from 
the rapid subsidence. Possibly some communication by a small 
stream exists between each basin, in a line already indicated, viz. 
N.E. to S.W. What are now empty cavities have, no doubt, 
previously been solid accumulations of rock-salt. 

In the section given by Dr. Nash we find that a brine-spring was 
struck some 80 feet from the surface, a cavity of 22 inches only 
being met with ; but the boring Avas apparently continued another 
80 feet to rock-salt. This Avas a spring which must have forced its 
way upwards before the more recent borings tapped the deeper 
supply ; no trace of a brine-spring now remains at that depth. I 
am of opinion that some considerable beds of rock-salt exist at a 
greater depth than 210-220 feet, lying more in the N.E. direction 
towards Stoke works. This is somewhat proved by the remarkable 
difference in the wells at Stoke'^'. 

At first when the salt at Stoke was discovered, it was from the 
rock-salt beds that the salt was extracted, and not from the 
evaporation of brine-springs. In beds of red marl, grey marl, and 
gj’psum, of 800 feet (at the least), several bands of excellent rock- 
salt are found. 

270 feet down a bed 15 feet in thickness is passed of intensely 
hard sandstone, which tests the strength of the steel rods and renders 
progress extremely slow. 1 think that this is probably the 
immediate base of the brine-cavities at Droitwich (44 miles further 
down the valley), and that the seam of rock-salt above is absolutely 
carried away by brine-springs at Droitwich and remains solid at Stoke. 
Several hundred feet below this hard portion, 25 feet are bored 
through softer marls, sandstones, and rock-salt, till brine-springs 
are tapped at least 800 feet from the surface. Even at this depth 
the salt was formerly got by mining operations, till the brine-springs 
(as Mr. Corbett, M.P., has informed me) suddenly broke through, 
rendering further extraction of rock-salt impossible ; this supply of 
brine has never failed. I have remarked on the manner the brine 
wells up with such great force both at Droitwich and Stoke when 
the springs are struck. This leads to the question of the water- 
Bupply necessary to permeate the rock-salt and produce such a 
remarkable pressure. 

In the first place the supply never varies. On the other hand 
the Droitwich water-works, the supply of water being from the 
Heupor Marls and surface springs, cannot always keep up thei^ supply. 

* Information of which has been placed at my disposal through the kindness 
of J. Corbett, Esq., M.P., Droitwicn, 
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In dry seasons their water fails, and at this very time (September 
1883) only a partial supply is obtainable. The brine-springs remain 
as strong as ever. This fact, together with the force noted in the 
brine-springs, affords strong evidence that the water-systems are 
separate. I believe the brine-springs are derived from the Bunter 
Sandstones of the Lickcy Hills, where the immense supply of pure 
water is obtained for Birmingham, and where the river Salwarpe, 
flowing through Stoke and Hroitwich, rises. The great difference in 
elevation at once gives us an explanation of the force which per- 
meates the rock-salts intervening, and supplies the brine-springs of 
such remarkable force. 

Turning to the chemical composition of the brine, the extraordinary 
strength of it is at once noticeable. Taking the solid constituents 
contained in 10,000 parts of sea-water, we find : — 

Mediterranean 410 grains. 

English Channel 380 „ 

German Ocean 325 „ 

Baltic 168 „ 

The Head Sea 24*6 per cent, solid matter*. 

Hroitwich brine, 38-40 per cent, at Hroitwich and Stoke re- 
spectively. 

As 42 is the absolute saturation-point of common salt, the strength 
of the brine is ap])arent. M r. Corbett further informs me that he has 
known the Stoke brine to be of such strength that salt would not 
dissolve in it, a proof of the brine being absolutely saturated. 

At Hroitwich the strength of the brine varies slightly. If the 
springs are worked incessantly for two or three days, the brine will 
be perhaps half a degree less strong ; this is explained by the 
surface -springs getting mixed with the brine- water if the pressure 
from below becomes less. At Stoke, where the boring is better 
protected and cased with iron, to prevent the surface-springs getting 
in, no variation occurs in the brine. 

The Cheshire brine contains, I believe, from 34 to 36 per cent, of 
solid salt. The explanation of the decrease between the strength 
of the Cheshire and Worcester springs is, that the former have been 
overworked, the rock-salt not having been so thoroughly dissolved 
by the springs. 

Analyses of Hroitwich brine, showing the solid constituents in 
the imperial gallon, have been made by various authorities. I 
give the more recent as follows : — 

Northcote, Phil. Mag. 1855, sor. 4, vol. ix. p. 33 : 


Chloride of sodium 19392*570 

Carbonate of magnesia 33*501 

Carbonate of soda 1 15*123 

Sulphate of lime 307’282 

Sulphate of soda 309*097 

Traces of bromide of magnesia 

Salts in imp. gallon 20157*573 


* Mr. Bainbrigge, Hroitwich Springs, chap. i. 
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J>. W, Taylor, 1854 : 

Chloride of Bodium 21609*77 

Chloride of magnesium 101*22 

Sulphate of lime 302*15 

Sulphate of soda 319*50 

Silicate of soda 1*36 

Traces of bromide of magnesium 

„ iodide of sodium 

„ protoxide of iron 


Salts in gallon 22234*00 


As far back as 1815 Trans. Geol. Soc. scr. 1, vol. ii. p. 107) 
Mr. Homer gave an analysis with somewhat similar proportions. 

Dr. H. Swete informs me that his analysis, as County Analyst, 
agrees with those above given, except in unimportant details. 

The chemical action of the brine on most metals is very strong. 
A strong iron pipe corrodes to such an extent that the piping can be 
cut through with a knife like so much soap. Marble slabs gradually 
become pulverized by the brine, and all cements are eaten away. 
If mixed with ordinary water (3 of water to 1 of brine) and 
boiled in a copper vessel, it produces a precijntate, the water coming 
out a brilliant blue, while the vessel remains discoloured. 

No traces of organic life have been discovered in the Droit wich 
Keuper Marls, although the small Crustacean bivalve Esiheria 
minuta (Brown) belongs to the uppermost Keuper sandstones * and 
has been found in Worcestershire ; the same fossil occurs in the Mus- 
chelkalk of the continent t, and i^robably existed in the Xeuper-Marl 
period. Eour Saurians are also named by Sir Charles Lyell as Upper 
Keuper fossils. The Hyperodapedon^ discovered near Warwick, in 
Devon, in Central Asia, and Houth Africa, in rocks of the Triassic 
period (the Warwick and Devon rocks being of Keuper age), has 
been referred by Prof. Huxley to a terrestrial reptile closely allied 
to the New-Zealand living SphenodonX, At the base of the Cheshire 
rock-salts and Marls we find the “ waterstones,” both ripple-marked 
and having the footprints of reptiles. I do not know whether the 
“ waterstones ” have been observed in Worcestershire ; but as the 
Cheshire and South Midland Haliferous Marls must have been one 
before the upheaval of the Permian and Bunter ridges across the 
country, the reptilian footprints and ripple-marks, taken with the 
reptiles of tho uppermost Keuper Sandstones, afford us some slight 
indication of the fauna of that period and the conditions under 
which the animals lived. The ripple-marks give evidence, I suppose, 
of a tidal waste, occasionally covered by the sea-water, when the 
impressions or footprints of reptiles have been covered with mud 
and preserved to us in the Cheshire waterstones. The existence 
of reptiles would seem to point to some considerable tracts of land 
during the Upper Keuper period (the sandstones of Upper Keuper 

* Lyell, ‘ Elements of Geol.* p. 358. t Ibid. p. 369. t Ibid. p. 358. 
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age, named by Sir Charles Lyell, must have been nearly, if not 
quite, of the same period as the marls). 

It is probable that at the close of the Bunter period in Britain a 
marked elevation took place, raising the Triassio formation above 
the ocean, this explaining the entire absence of the Middle Trias 
or Muschelkalk series 

In the Keiiper age this area was again submerged, a sedimentary 
deposit being formed which is now the I^ower Keuper. It was 
probably in a series of inland lakes, or lagoons separated by barriers 
from the sea, that the saliferous red marls and rock-salts were 
formed. The red Keuper deposits were perhaps detritus from older 
gneiss and mica-schists t carried down by rivers containing salts. 
The salts spread in a sediment with the detritus in the lake-bottom 
from which the waters evaporated ; subsequent changes might easily 
account for the solid formation of rock-salts, the nature of the 
waters explaining the curious absence of organic remains in the 
saliferous marls. The Droitwich brine-springs being of even greater 
strength than the waters of the Dead Sea, indicate some similar 
conditions as to their origin, the Great Salt Lake of America giving 
even a better example of what was the origin of the Keuper 
lakes. 

Deposits of salt occur in other formations, such as Magnesian 
Limestones and the blue clays of Sicily, but 1 cannot think that 
there is a general cause accounting for their occurrence. Certainly 
in some of the continental beds the origin has more likely been 
from hot springs. With regard to the red Keuper saliferous marls 
being for the most part unfossiliferous, an observation of Sir Charles 
Lyell’s is of interest that no stratihod rocks containing a very 
large amount of oxide of iron have man}' fossil remains ; when we 
find fossils it is more in the grey or calcareous bands. Possibly the 
oxide of iron becomes an agent of destruction as it permeates the 
deposits. An instance bearing on the point came under my own 
observation in the Greensands of the Isle of AVight. In the Atherfield 
brown clays and grey cracker-rocks the Mollusca are beautifully 
preserved ; at the base of the Hhanklin sands, which are strongly im- 
pregnated with oxide of iron, most of the Atherheld Mollusca occur ; 
but casts only remain, no traces of a shell ever being found ; and even 
the casts crumble away immediately they are exposed to the atmo- 
sphere. So in the Keuper age, if crustaceans, moUusks, or any 
organic structure could exist in the waters of the saliferous marls, they 
would probably be destroyed by the oxide of iron ; any remains left 
would in all probability be from grey bands or gypsum ; in fact I 
believe certain Foraminifera have been discovered in the gypsum, 
though not in the neighbourhood of Droitwich. 

There is one more remarkable point which calls for mention in the 
stratification of the red saliferous marls. Marked lines are visible 
in exposed sections, showing the many subdivisions arid different- 
coloured bands. The red marl bands mostly show signs of some 

* Hull, memoir before referred to, p. 106. 

t Sir 0. LyeU, * Elements of Gfeol.’ p. 362. 


} Elements of G^eol. p. 363. 
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violent fracture, as if, in some sudden upheaval (such as must have 
occurred when the Cheshire marls became separated from the 
Southern Midlands), the less compact bands were dissevered at right 
angles to the lines of stratification ; the harder sandstones do not 
show any such indications. I have noticed something similar to 
this in the limestone districts of North Wales. 

In conclusion, the calculation has been made that some 2 million 
tons of salt have been extracted at Droitwich and Stoke in the last 
20 years through the working of the brine-springs, a further proof 
of the empty cavities which have been gradually created beneath the 
town, and showing how such spaces are constantly enlarging and 
extending all round. 

In this paper I have merely attempted to show : — 

1. The extent of the brine-cavities beneath Droitwich, and the 
consequent insecurity of the greater part of the town. 

2. The probable sourse of the brine- water system, as distinct from 
the Keuper springs. 

3. The probability of extensive beds of rock-salt lower than the 
present brine-cavities, and to the N.E. of Droitwich, partly proved 
by the deeper borings at Stoke works. 

4. The details of more recent borings at Droitwich and Stoke 
works. 


Discussion. 

Capt. Douglas Galton said that for every ton of salt at Droitwich 
900 gallons of water were pumped, a quantity sufficient to exhaust 
the rainfall of about six square miles, and that whilst formerly the 
Droitwich brine-springs overflowed at the surface, the brine is now 
pumped up 200 feet. He remarked on the difference of level 
between the Droitwich and Stoke deposits — the highest bed of 
rock-salt at Droitwich being about 120 feet below mean sea-level 
and the lowest 170 feet ; whilst at Stoke the first bed, which is very 
thin, is at 170 feet below sea-level, and the lowest yet reached at 
300 feet. He suggested the existence of a great fault between 
Stoke and Droitwich. He thought the (juostion of the existence of 
deeper supidies of brine at Droitwich a doubtful one. 

Prof. Judd expressed his regret that, owing to ill health, the Author 
was not present to reply to questions which had been asked con- 
cerning his paper. 
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15. On further Discoveries of Vertebrate Eemains in the Triasbio 
Strata of the South Coast of Deyorshire, between Bubleioh 
Salterton and Sidmouth. By A. T. Metcalfe, Esq., E.Q-.S. 
(Bead January 9, 1884.) 

Mr special object in making this communication is to bring under 
the notice of the Society some further vertebrate remains which 
have been obtained by my friend H. J. Carter, Esq., F.E.S., of Bud- 
leigh Salterton, from the Triassic strata of the south coast of Devon, 
between Budleigh Salterton and Sidmouth, and are now deposited 
in the Geological Department of the British Museum of Natural 
History, at South Kensington. 

In order to fix the precise geographical and stratigraphical position 
of these extremely rare and interesting specimens, I propose to com- 
mence with a brief reference to the coast section (fig. 1, p. 258). 

The Upper Sandstones (following Mr. Ussher’s classification of the 
Triassic rocks of Devonshire), in which the before-mentioned fossils 
were found, crop out in the cliffs at Budleigh Salterton. Near their 
outcrop the beds are coarse and conglomeratic, but they become less 
and less so as wo follow them along the dip towards Sidmouth, 
which lies about six miles to the east. 

About two miles before Sidmouth is reached, the cliffs suddenly 
rise to the height of 513 feet at a spot called “ High Peake Hill,^^ 
where the sandstones arc capped by the Upper Marls (Triassic), the 
Upper Greensand, and supracietaceous gravel. The section at this 


point is approximately as follows : — 

feet. 

Supracretaceous Gravel and Upper Greensand . . 113 

Trias I Upper Marls 200 

I Upper Sandstones 200 


513 

On tho Budleigh Salterton or western side of High Peake HiU is 
a steep slope leading to a stile on tho brink of the cliff, whence 
a stratum in the sandstones, somewhat lighter in colour than the 
rest, may be seen dipping to the east. This stratum is very near 
the junction with the Upper Marls, and I am informed is more dis- 
tinctly observable from a short distance out at sea. 

On the beach, and immediately under the stile, is a talus consist- 
ing of fragments of sandstone of all sizes, varying from blocks of 
many tons in weight to mere sand-grains. In composition and colour 
these fragments are, in the opinion of Mr. Carter and myself, iden- 
tical with the lighter-coloured stratum before referred to ; and upon 
such grounds only are they assumed to be part of it. From this 
talus. Dr. Johnston-Lavis, F.G.S., procured, in tho autumn of 
] 875, the remains called by Prof. Seeley Lahyrinthodon Lavisi (see 
Q.J.G.S. vol. xxxii. page 274). In the following year Mr. Carter 

n T a ft TVTn 



fig. l.—South, Devon Coast Section, from Budleigh Salterton to Sidmouth. 
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found in it a large number of 
bone fragments, includiug seve- 
ral portions of jawbones of rep- 
tiles, with teeth in line. In 
the autumn of 1 882 I myself 
visited High Peake Hill, and 
succeeded in finding in the 
talus numerous fragments of 
fossilized bone, including one 
flat one (probably dermal), 
3 inches by 2 in size. In this 
specimen the bone structure is 
remarkably well preserved and 
distinctly visible to the naked 
eye. I was also particularly 
struck with the presence of 
numerous isolated small white 
fragments of irregular shape, 
both thick tind thin, in the 
blocks of sandstone, most of 
them no larger than a florin, 
and many as small as a six- 
pence. Praginents of a similar 
character have been examined 
under the microscope, by Mr. 
Carter, whose statement is as 
follows : — 

‘‘ AVhere the consistence is 
firm the bojie structure is visible 
thi-ough out, altliou gh th ere m a y 
be no form for identification. 
In other specimens Avbich have 
become soft, chalk-like, or pul- 
vcrulentwdicn dry, the presence 
alone of little tliin plates of 
translucent material (somewhat 
like mica in appearance, but 
calcareous in comjjosition), dis- 
persed irregularly throughout 
the mass, preserves the bone 
structure, and that so unmis- 
takably, that they can be thus 
satisfactorily identified, even 
without form. These fragments 
are occasionally more or less 
replaced by red clay, and also 
more or less charged with crys- 
talline grains of quartz, a cir- 
cumstance which appears to 
arise from a motamorphio 
transposition of the surround- 



IN THE TRIAS OP DEVONSHIRE. 


259 


ing material in which the carbonate of lime of the fossilized hone 
has been removed by aqueous solution previous to the deposit of the 
foreign ingredients.” 

On careful search I also found in the harder beds of the sand- 
stones, at numerous spots near 13udleigh Salterton and Otterton 
Point, small white (and occasionally red) fragments similar in 
outward appearance to those in the talus at High Peake Hill, but, 
of course, from lower horizons. Mr. Carter has carefully examined 
such fragments, and informs me that he is clearly of opinion that 
they also are, or represent, bone fragments. Mr. Carter thus 
observes : — “ Concentric lines may bo seen in them precisely 
similar to those in the fragments from the talus at High Peake 
Hill, but no bone structure or form is identifiable, while the 
white calcareous material, of w'hich they are chiefly composed, is 
hardened, and the whole more or less reddened by the presence 
of red clay, and altered by that of crystalline grains of (|uartz 
similar to those found in the specimens from High Peake Hill, 
in which the bone-structure i$ distinctly visible.” It was in the 
hard conglomeratic beds of one of these lower horizons close to 
Pudleigh Salterton that Mr. Whitaker, P.tx.S., of Her 31ajesty’s 
Geological Survey, in 1808, found the specimen to which Prof. 
Huxley afterwards gave tlie name of ‘‘ T-hjperodapedon ” (Q.J.G.S. 
vol. XXV. pp, 140, 156); and I am further informed by Mr. Carter, 
who has seen the vSpccimcn in the Museum of the School of Mines, 
at Jermyn Street, that but for form there is here also, probabh", no 
bone structure for identification. 

In a small (juarry in the sandstones, close to Sbortwood Hill (on 
the Tidwell Estate), about femr miles west finm High Peake Hill, 
are similar white fragments, chalky and structureless in character 
generally, but still containing, as Mr. Carter iias proved, the plates 
of bone structure above mentioned, together with a large quantity 
of concretionary carbonate of lime in the upper strata, in which, of 
course, there is no organic structure whatever. 

Mr. Carter has also deposited, with tlic remains before mentioned, 
carefully prepared specimens and sections of the bone fragments 
illustrating the foregoing observations. There can be no doubt that 
the great blocks, from the surface of which he chiefly obtained the 
remains, do contain, interiorly, many more of the same kind, which 
are soon av ashed out by exj)osure to the weather and the Avaves, 
being, as was before stated, of a soft or chalky nature when moist. 
Unless, therefore, the blocks are broken open, the chance of finding 
in them further traces of such organic remains becomes daily less ; 
although, of course, a rich find might at any time follow a fall from 
the same bed of the cliff. 

I carefully examined the length of the Triassic rocks exposed on 
the coast from the Upper Marls of Seaton to the breccia in the neigh- 
bourhood of Torquay (30 miles) ; but only in the Upper Sandstones 
were these peculiar hone fragments visible. The Upper Sandstones, 
as exposed on the coast between Budleigh Salterton and High Peake 
HiU, are remarkable for the presence of curious, irregular, branch- 

B ^ 
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like fiaasses of a very hard character, which are weathered out and 
form a prominent feature in the cliflfs; they seem to defy all 
weathering and wave-friction, thus giving the cliffs, in some parts, 
quite a rugged aspect. These masses appear to be calcareous con- 
cretions ; and it has been suggested that their calcareous material 
may be largely due to that removed from fossilized bones and other 
organic remains. I do not think, however, that much weight can be 
given to the suggestion. It must be borne in mind that towards 
Bishops Lydeard and Crowcombe (Somorsetshire), the Uj^per Sand- 
stones become so exceedingly calcareous tliat they might locally be 
almost considered a limestone, and, indeed, are largely quarried to bo 
burned for lime ; this excess of calcareous matter, Mr. W. A. E. 
Ussher, E.G.S., of the Geological Survey, in his valuable paper on 
the TriassicEocks of Somerset and Devon (Q.J.G.S. vol. xxxii. p.370), 
attributes to the denuding agents of the Triassic period having 
transported calcareous sediments derived from tlie occasional lime- 
stones occurring in the shales and grits of the Devonian and Culm- 
measure strata of the south-west of England. It is ])robable that 
a similar origin must be ascribed to the hard calcareous masses 
between Eudleigh Salterton and Sidmouth. T<^everthelcss it is 
manifest that, by the process descril)ed by Mr. Carter, a large num- 
ber of remains may have become wholly removed ’’ and lost to the 
palaeontologist ; while the presence, at numerous spots, of isolated 
bone fragments such as I have described, bespeaks the fact that a 
comparative abundance of vertebrate life was maintained during the 
Triassic period, and suggests that the rareness of Triassic fossils may 
be due, not so much to the paucity of animal life during that period, 
as to the fact that the strata then formed afforded no suitable con- 
ditions for the preservation of organic remains. 

The following are the most noteworthy of the remains obtained 
by Mr. Carter and deposited by him in the British Museum, Crom- 
well Eoad, South Kensington ; those numbered 1 to 11 inclusive 
were found in the talus under High Peake Hill, and the last 
(No. 12) came from the quarry at Shortwood Hill : — 

1. Spine. Curved like a boar's tusk, Idunily pointed, 3;! inches 
in the arc, by inch in greatest diameter when entire.’' Solid, 
with bone structure throughout (fig. 2). 


Fig. 2. — Curved^ Spine from ialvs under Hipli Pealce Hill. 
(Natural size.) 



2. Portion (? middle) of jawbone, bearing the “ honeycomb-like 
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ornament ^ on one side, similar to that of Lahyrinthodon Lavisi {op, 
et loc. cit, pi. xix), probably also of the Lahyrinthodon, 4 inches long, 
2| inches high, 2 inches thick in its greatest dimensions. Fragment 
found loose, and rounded by exposure on the sea-shore. No teeth. 
Bone structure throughout. 

3. Small jawbone of Lahyrinthodon (?), with fragments of oper- 
cular bone (?) in situ, in the matrix. There is something like 
remains of teeth on the anterior extremity of the jaw. 

4. Eamus of jaw of Eep tile (?), imperfect, with several teeth in 
line, some broken off. 2| inches long, inch broad at alveolar mar- 
gin ; 25 teeth, the largest of which are posterior, about inch above 
jaw, pointed and suddenly expanded at base, where they are com- 
pressed antero-posteriorly, and about 3 inches by inch in greatest 
diameter, minutely grooved longitudinally from the base upwards, 
and anchylosed to the jaw. Bone structure throughout (fig. 3). 

Fig. 3. — Ramus of Jaw, with tetih, from talus under High PeaTce 
Hill. (Natural size.) 



5. Fragment of jaw of small animal, bearing throe pulps ; 1^ inch 
long by inch in thickness. Bone structure throughout. 

0. The same with 2 teeth more advanced, showing the layer of 
enamel ^ inch long. Bone structure. 

7. Fragment of (?) hollow bone or tooth. Bone structure 
througViout. 

8 & 9. Two fragments of jawbone, containing remains of teeth. 
Bone structure throughout. 

10. Fragment of subcutaneous bones of Lahyrinthodon (?). Bone 
•structure throughout. 

11. A great number of other shapeless fragments, some of which 
appear to have been ‘‘ scutes,” illustrating both their nature and 
that of the matrix in which they are imbedded. 

12. Fragment of bone from Tidwell-Estate Quarry. Bono struc- 
ture confined to little opalescent thin plates or scales dispersed 
irregularly through the rest of the chalky substance. 

I should mention that in a geological diagram of the strata 
between High Peake Hill and Sidmouth inclusive, prepared and 
presented to me by Mr. P. 0. Hutchinson, a Local Secretary of the 
Society of Antiquaries, the bone-bed is placed considerably lower 
down in the sandstones than the lighter-coloured stratum to which 
I have directed special attention. Mr. Hutchinson has long resided 
at Sidmouth, and observed the geological features of his locality ; 
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his opimon is therefore deserving of attention. To indicate, how- 
ever, the precise position of the ossiferous horizon whence the 
bones found by Mr. Carter, at High Peake Hill, were derived, is 
necessarily a matter of difficulty. The Sandstones forming the 
lower portion of the cliff, at that spot, are not only homogeneous 
in character, but quite vertical and only accessible at low tide. 
Kesearches in other and more accessible sections in the neighbour- 
hood may hereafter set this matter at rest. 

While treating of the foregoing locality, I would call attention to 
the interesting fact that, in the Transactions of the Devonshire 
Association (vol. xi. page 383), Mr. Hutchinson has figured and 
described the remains of several plants found by him, half 
w^ay between High Peake Hill and Sidmoiith, at the very base 
of the Upper Marls, and now deposited in the Exeter Museum. 
These interesting specimens bear every appcarjinco of belonging 
to some one of the subdivisions of the Oalaniitecc, but it does not 
seem possible to say to which. As the true Calamiie seems to have 
disappeared in the Permian period and to have been replaced by 
Equisetites and other forms more nearly allied to the living Equiseti- 
form type, the probability is that the remains represent some one of 
these. It is manifest that the remains had a verticilly te ramification, 
which presupposes a verticillate foliage— facts pointing towards the 
Equisetiform type. As, however, the specimens are structureless 
their precise character cannot be determined with certainty. Mr. 
Hutchinson thus describes the specimens : — ‘‘ Stems of lacustrine 
plants, discovered in May 1878, by a fall of some of the cliff*. The 
appearance on the slab of soft clayey and sandy rock wms that of a 
number of reed-like stalks, lying across one another, as if they had 
fallen into the water as they grew\ I secured a few pieces of the 
stems with a joint or two in each, and the waves destroyed the 
slabs soon after. The stems are an inch to an inch and a quarter 
in diameter, oval by pressure; joints at every six or seven inches, 
with indications that 8, 9, or 10 side-branches grew out of each 
joint. The interior of the fossils is soft sand rock, and the outside 
is clay of a greenish colour.^- 

In conclusion, I have to thank Mr. Carter for having afforded me 
an opportunity of previously examining the vertebrate remains now 
deposited in the British Museum, as well as for his kind assistance 
in the preparation of this paper. The rareness of fossils in Triassic 
strata seemed to me to demand a note of Mr. Carter^s discovery and 
observations. 


Hiscussioir. 

The pRifeiDENT said that the author, in this interesting commu- 
nication, had proved that there was an abundant vertebrate fauna 
in the Triassic strata of Devonshire, and we could only regret that 
the specimens found up to the present time were all so fragmentary 
and imperfect. ^ 
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16. A Delta in Miniature — twentt-seven Years’ Work. By 
T. Mellard Eeade, Esq., C.E., E.G.S. (Eead February 6, 
1884.) 

Introductory , — The rate of sedimentary accumulation has in all 
cases that I know of been calculated from the amount of sediment 
held in suspension in river-water and the mean annual discharge 
of the river. 

It is true, history has furnished examples of towns that have 
once been sea-ports becoming inland towns through the extension 
of river-deltas ; but the information has not been sufficient or 
accurate enough to found an estimate of the rate denudation has 
proceeded at in the river-basins in question. 

The lialce-Brook Delta . — In June 1883 Mr. Joseph Parry, C.E., 
who has charge of the llivington Waterworks suppl 5 dng Liverpool, 
called my attention to the great amount of deposit that had taken 
place in the Itake reservoir since 185(5, the year it was filled. 

On visiting the locality in his company, I found that where the 
two forks of the Bake Brook joined the reservoir, a corner of the 
reservoir was cut off by the public road from Bolton to W^ithnell, the 
communication being by a culvert, stated to bo 8 feet high under 
the road, but then nearly silted up with deposit. The following 
plan will explain my meaning more fully. The whole corner of 
the reservoir on the south side of the road, at A on plan (fig. 1), was 


Fig. I , — Sicetch Plan of Miniature Delta, EaTce Reservoir, 



* Adria was a sea-port in the time of Augustus ; it is now about 20 Italian 
miles inland. Eavenna was also a seaport, and is now about 4 miles from the 
main sea. Lyell’s ‘ Principles, vol. i. p. 4^ (10th edition). 
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filled to considerably above the level of tbe crovm of the arch of the 
culvert (fig. 2) with a beautifully stratified deposit of peaty matter, 

Fig. 2 . — Section in line C-D of Jig, 1. 



A, 13. Deltaic deposits. C. Culvert. 

I 

gritty sand, gravel shingle and boulders, as shown in the section 
below (fig. 3). 



The layers of peaty matter and sand were generally from ^ inch 
to 1 inch in thickness, one bed of gritty yellow sand being 9 inches 
thick. 

This section was exposed by the excavations then going on to 
remove the deposit, advantage having been taken of the exception- 
ally dry weather and the lowness of the water in the reservoir. 
Part of the sand was being riddled with the object of using it in 
the filter-beds. About 5 feet thick had been removed off the whole 
area, there being still 8 feet in thickness at the moutli of the culvert. 
After consultation with the man in charge, 1 averaged the thick- 
ness over the entire area of 2508 yards at 2 yards. The bed of the 
Rake Brook had cut a devious course through this delta (for such 
it was), and its bed was strewn with boulders of Millstone Grit, the 
largest I measured being 1 foot across. On the north side of the road 
and in the open reservoir, marked B on plan, was another delta 
formed by the matter washed through the culvert. Five feet thick 
of this had been removed from the front of the culvert. It consisted 
principally of fine sand with a small proportion of peaty matter 
mixed with it. There was still 10 feet deep of deposit immediately 
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opposite the culvert. The area of this delta I estimated at 430 
yards and the average thickness at 3 yards. 

lialce Brook, — On walking up one fork of the Eake Brook and 
coming down the other I found the brook-beds full of large MM- 
stone-grit boulders ; in places the rock in situ formed the bed of 
the brook. 

The banks, largely cut down vertically, showed a drift composed 
entirely of the debris of the underlying rocks from large stones 
through boulders to gravel and sand ; much of it seemed like sub- 
aerial detritus. On the top of this was a peaty soil of considerable 
thickness. In fact all the materials of the delta were there and 
nothing more. I observed no erratic stones. 

The Drainage-area , — On walking from one fork to the other I 
passed over the heath, which was extensively covered with the 
cotton grass, the beautiful tufts of downy cotton looking at a distance 
like white flowers. This heath, according to the 6-inch ordnance 
map, kindly furnished b}^ Mr. Parry, constitutes about | of the drain- 
age area ; it can hardly be called a “ basin ” as it occupies the side of 
the hill. The reservoir is about 550 feet above O.D., and the highest 
point of the watershed about 1200 feet above O.I). I estimated the 
drainage-area or gathering-ground ” at 3,643,000 square yards 
= 1’176 square mile. The delta I estimated at 6,306 cubic yards; 
and as the time of accumulation was 27 years, the rate of removal 
or denudation over the whole surface was annum 

or 1 foot in 5184 years. The mean rainfall of the Bake-Brook 
watershed was, during the last 10 years, according to information 
supplied me by Mr. Parry, 49*57 inches i)Ct annum. 

Observations . — No doubt some of the finer mud htis been dis- 
tributed over the bottom of the reservoir and is not taken into 
account in my estimate. It is interesting to note that the rate is 
nearly the same as that of the Mississippi*. It is also perhaps more 
instructive to note what a close agreement there exists between the 
relative amounts of peaty matter and sand in the deposit and on 
the surface of the gathering-ground. The example also forcibly 
impresses on the mind the importance of causes at work, which, 
but for exceptional circumstances which direct our attention to 
their accumulated results, would not be noticed. If the reservoir 
had not been made, the matter would have passed out to sea through 
the river Douglas without notice ; as it was, the matter intercepted 
seemed so exceptionally great for the time as to attract the attention 
of the engineer ; but, on measurement, we find that the rate of denu- 
dation accords well with what has been calculated in other ways. 
Being in miniature, we are enabled to directly inspect and explore 
all the processes of nature leading to the result, both on the gather- 
ing-ground and in the deposit itself. We also see very beautifully 
displayed those puzzling alternations of fine laminated beds and 
coarse sand with boulders resulting from the varying oonditions in 

♦ See ‘ Text book of Geology ' by Dr. Archibald G^ikie : given at 1 foot in 
6,000 years. The mean rainfall of the whole Mississippi valley is, according to 
data given by Humphreys and Abbott, about 30 inches. 
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fine weather and flood of the same agent, a running stream, modi« 
fled, no doubt, by the height to which the reservoir rose at the 
time, — conditions often repeated on a larger scale in nature all over 
the world. 


Disctjbsioh. 

Mr. J. Evans pointed out that the rainfall in the district of tho 
Bake river was a high one, so that the denudation might thereby 
be increased. It would be interesting to have results where the 
rainfall was of a more average character. He was disposed to think 
that, under similar conditions, the denuding effect of the rainfall 
would vary as some higher power than unity with the amount. 

Prof. Judd said that Mr. Mellard Beade had found that in higher 
regions the harder character of the rock balanced the increased 
amount of rainfall. 
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17 . Eipplb-maeks in Drift in Shropshire and Cheshire. By 
T. Mellard Eeade, Esq., C.E., F.G.S. (Eead February 20, 1884.) 

Amokg all the published notices of drift deposits that I have read, I 
cannot call to mind any description of rix)ple-marks as forming 
features in that formation*. Of course if the drift was formed 
under land-ice we should not expect to see them; but if, as I 
maintain, a very large part of it has been laid down in water, then, 
under favourable conditions, they should be found. 

I was much pleased on examining, in the early j)art of 1883, a section 
in the Old-Park-Field sand-hole, at Ketley, near Wellington, Shrop- 
shire (to which 1 had been directed by my friend Dr. Callaway), to 
notice in a stratified deposit of drift- sand three distinct beds of rii)ple- 
marked laminae, most beautifully disxdajxjd in section. The following 
is a sketch of the dcx)osit (fig. 1). The position of this sand-pit is 

Fig. 1 . — Section at Ketley^ near Wellinyton, Shropshire. 


Eipplc-marks. 


Finely laminated 
loamy sand. 

on the south side of Watling Street. I measured one of the ripple- 
marks in bed No. 1, and found it was 9 inches from crest to 
crest, and inch high ; the fall of the wave indicated that the wind 
producing it was from tho N.W. The figui'e below (fig. 2), drawn 
to a scale of § inch to the foot, will more fully explain its form. 

* Note (March 1884). — Mr. Mackintosh, describing a section of Boulder-clay 
(Low-level Boulder-clay) at Egremont, Cheshire, says, ‘‘ The surface of this bed 

Middle sands ’ according to him, but an included" sjind bed according to my 
classification] presents the appearance of having been finely ripple-marked im- 
mediately before the tranquil deposilion of an inch in thickness of leaf-like 
himinos, which within the vertical space of a few inches graduate into typical 
upper clay.” 

Mr. J ukes-Browne informs me that there is at South Ferriby, in Lincolnshire, 
a bed of indurated sand a few inches thick beautifully ripple-marked on the 
upper surface, which underlies the Boulder-cluy and overlies a thin bed of gravel 
resting on the chalk. It was previously described by Mr. Searles Wood (Q. J. 
G. S, vol. xxiv. p. 150), who states that there is a similar bod below the Hessle 
clay in the Hessle quarry. 

Mr. Laraplugh, in reply to an inquiry, says, Ripple-marks are by no means 
uncommon in our cliff sections [about Bridlington], being generally in beds of 
sand and sandy clay, intorstratified with the Purple Boulder-clay.” He has 
given an example of one of the best of them in the GeoL Mag. for Sept. 1879. 




268 


T. 1C. BSADE ON BIFFLE-ICAEKB IE DBIFT. 


Eig. 2. — Ripple-inarics at Ketley. 


In July 1883 I had the further pleasure of seeing in a cutting in 
Low-level Boulder-clay and Sands at Tranmere, Cheshire, in one of 
the approaches to the Mersey Tunnel, ripple-marks in hard fine 
loamy brown sand, forming the Hank of what must have been a 
submarine bank, and covered with a compact mass of Boulder-clay 
many feet thick These also were displayed in section, in a 
perfectly distinct and unmistakable manner, though, through being 
formed on a sloping bank, tliey did not possess the perfect regularity 
and symmetry of form of those previously described f. 

^The following (fig. 3) is a sketch-section. 


Pig. 3. — Eipple^arlcs at Tranmere, Cheshire. 



A. Eipple-marks in brown loamy sand. B. Boulder-clay. 

0. Yellow sand, containing shell fragments. 


The sand was faulted, as shown, with- throws of from 2 to 4 
inches. I found shell fragments in the bed of sand, among which 
1 could distinguish Tiirritella terebra, Cardium edule, Tellina 
halthica, and a Pholas. 

The position of this section being in an embayment between 
higher lands must have been favourable for the preservation of such 
markings. The clay was remarkably free from stones, and no 
doubt this arose from the same cause, viz. the protecting embayment. 
The beds are undoubtedly of the same series as those to which I have 
given the name of the Low-level Boulder-clays and Sands. 

These ripple-markings would not be seen except when developed 
by weathering. Prom the nature of the material they could not 
be displayed except in section. 


Discussion. 

Mr. Clement Reid said that he believed similar phenomena had 
been often observed before, and ho did not exactly see the bearing 

^ See ‘ Drift Beds of the N.W. of England,’ part ii. 

t Note (March 1884). — I have not the least doubt that these are genuine 
ripple-marks, and that the faulting of the sand has no connexion with them. 
They are distinct phenomena, and not due to any common cause. They were 
also observed by several members of the Liverpool Geological Association. 
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of the paper. On the east coast of Norfolk ripple-marks were of 
common occurrence in drift deposits. 

Dr. Woodward, on behalf of Prof. Lapwortb, suggested that 
these were not all true ripple-marks, but due to pressure, especially 
in the example adduced at Tranmcre, where the drift san^ were 
faulted close by. 

Prof. T. Etjpert Jones thought that the facts observed by the 
author at Ketley might very well indicate ripple-marks, and that 
ripple-marks and the effects of pressure could hardly be mistaken 
one, for the other. He thought that it was just as interesting to 
find ripple-marks in the drift on the west as on the east coast. 

Mr. Lampltjgh corroborated the remarks of Mr. Clement Keid 
with regard to the common occurrence of rip])le-marks in the drifts 
of the Yorkshire coast. 

The President suggested that the idea which Mr. MeUard Keade 
wished to convey was, tliat if the phenomena observed by him were 
ripple-marks, they could hardly have survived the passage of land- 
ice over the district, as implied by extreme glacial theories. 
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18, Further Notes on Kock-fkaombnts / rom ike South 0/ Scotland 
imbedded in ike Low-level Boulder-clay of Lancashieb. By 
T. Mbllard Reade, Esq., C.E., F.G.S. (Read February 20, 
1884.) 

In my paper on the Drift-beds of the North-West of England, Part 
II. I gave certain identifications of granites from Criffol and the 
neighbourhood of Dumfries made by Mr. Patrick Dudgeon from 
specimens I forwarded to Iiim in 1882, these being confirmatory of 
Mr. Mackintosh’s previous discovery of Criffel granite in the Lanca- 
shire Drift. In August of this year 1 had an o])poit unity of travel- 
ling from Dumfries through Kirkcudbright to Wigtonshiro, wlicn I 
paid special attention botli to the rocks in situ and to the boulders 
lying about the country, with the following results. 

In Kirkcudbright there are two large and distinct masses of 
granite, rising through the Silurian strata, uliich generally rest 
nearly vertical and are re])eated in fold after fold. Tlie easternmost 
of these granite masses rises 1800 feet above tin* sea, and forms 
the grand isolated mountain called Criffel. Tlu' wesierninost mass, 
occupying not less than 50 s(|iiare miles t, rises to 2)iol feet in the 
mountain called Cairnsmore of Fleet , which is also an isolated granite 
boss ; but the surrounding Silurians rise to a higher level than at 
Criffel. The Cairnsmore. granite is of a coars( r nature than that of 
Criffel; though in a vein at (h’eetown, no doubt connected under- 
ground with the main granitic mass, is a (paarry, Ivclongiiig to the 
Mersey Docks and Harbour Hoard, which has .su|)j)lied for many years 
the granite used in the construction of flic Livcr])Ool Docks, which 
is of a more compact nature and finer grain. 

All round Criffel in the low country and near the coast arc to be 
found numerous granite boulders, all of them more or less rounded, 
and none showing marks of glaciation either by ])lane surfaces or 
striations. At Kirkbcaii J took cliijijnngs of several, whicli were used 
in the buildingof a field-wall ; among them were a dark granite and 
a reddish-coloured granite, no doubt all variations of ('rilTel granite, 
and such as I could matcli from tlie Laneasliiro Drift , (fiuse by 
a road-stone quarry in the Silurian (/reywackes, about 5 miles 
8.E. of Dalbeattie, there wert^ many boulders of a dark red graiiitc*, 
which I can also match by specimens from the Lancashire Drift ; 
and I take these also to be local variations of the Crificl granite. 

The Dalbeattie grey-granite (piarries are also in the Criffel-granito 
mass, and I believe wm have all these varieties of granite rocks in 
the Lancashire Drift. 

The granite of Creetowm is very similar to the Dalbeattie granite ; 
and here can be seen the junction between the granite and the 

^ Quart. Joum. Geol. Soc. vol. xxxix. p. 119. 

t This is only a very rough approximation. The Survey explanation of 
dieet 4 says — 30 square miles of it are exposed in sheet 4 (p. 18). 
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Silurians, and specimens of granite veins penetrating the Greywacke 
can be taken with the altered Silurian adhering to both sides. This 
fine-grained vein granite can also be matched by granite fragments 
in the Drift about Liverpool. 

In ascending the Moneypool Burn from Creetown I found among 
the boulders a granite with light pink felspar not unlike the Eskdale 
granite. This has, no doubt, been derived from Caimsmore of Fleet, 
in which the burn rises. 

In Palnure Burn, at Talnotry, a splendid junction of the granite 
and metamorphosed Silurians can be seen, and specimens taken 
showing the granite and gneiss adhering. I ascended Craignelder, 
a spur of Caimsmore, 1971 feet high. The mountain is literally 
covered with splendid granite boulders which weather white. I 
cannot help remarking that here is a sublime study for a painter in 
the harmony existing between the mountain and its fragments, — no 
erratics — all one grand harmony of granite. I am led to believe from 
what I saw, that many of the coarser grey granites of the Lancashire 
Drift have come from Caimsmore of Fleet. 

But I was most interested in the Silurian Greywackes, for here 
were undoubtedly the parent rocks which have yielded many of the 
fragments found in the Low-level Eouldcr-clay about Liverpool. 
The identifications I consider unmistakable, and 1 exhibit specimens 
side by side from the Boulder-clay and from the Greywackes of 
Wigtonshire. These rocks seem never before to have been identified 
with Lancashire drift rocks ; and before I traversed them from 
Kirkcudbright to the Isle of Whithorn and Luce Bay these numerous 
fragments, partly distinguished by the small veins of the carbonates of 
baryta and lime traversing them, were a puzzle to me. The colour 
of the Greywacke ranges through dark blue and grey to a deep 
purple rcd^'. It varies in texture from a fine-grained mudstone to 
a coarse gritty sandstone, and occurs in beds from (> inches to 6 feet 
thick.” The Survey memoir explanatory of sheet 4 says (p. 13) : — 
“ The section which perhaps best sIioavs tJie characteristic features 
of these thick grits and massive greywackes (the (iiieensbury Grit 
Group) runs along a line of cliffs called the (h'aigs of Garheugh at 
the side of the road from Glenlucc to Port William.” I have 
compared a specimen I took from these “ Craigs ” with some obtained 
from the Low-level boulders of Great Crosby, Lancashire ; they are 
identical. Also a specimen of tho rod greywacke of the ArdweU 
group obtained by mo at Innerwick fishery, a few miles north of 
Garliestown, is matched by specimens from Great Crosby, as are some 
of the rocks in and near the Isle of Whithorn. 

But it is tho general appearance of the group of rocks, and 
long familiarity with diift specimens of the Low-level Boulder-clay 
that most convinces me. Unfortunately I did not ascend to the 
summit of Caimsmore of Fleet ; but the Survey memoir says of this 
granite t : — “ The general colour of the granite is grey, shading 

* These greywackes are well described in the explanations of sheets 1, 2, & 4, 
Memoirs of the Geological Survey of Scotland. 

t Explanation of sheet 4, p. 18. 
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in fJiMes into a flesh-coloxur or pink tint. The latter is most com- 
monly met with near the edge of the mass, and may be well seen 
along the south and west dopes of Caimsmore Hill and up the 
valley of the Palnure Bum. The general texture of the Caimsmore 

mMS is extremely coarse; by far the coarsest-grained 

examples are exposed along the top of Caimsmore Hill. Here 
masses of granite may be seen with crystals of quartz and felspar 
upwards of two inches in length, while the granite consists for 
the most part of quartz, orthoclase and plagioclase felspar, black and 
white mica, with occasional hornblende; its lithological cha^ 
racter varies, owing to the disappearance of one or more of the 

ordinary constituents The felspar is always the chief 

constituent, consisting for the most part of orthoclase, but nume- 
rous striated faces are also met with/' 

I have a specimen of coarse granite from the Low-lcvcl Bouldcr- 
clay, Great Crosby, containing a crystal of felspar ]| inch long. 
This coarse variety is generally found in a more crumbly condition 
than the finer-grained granites. 

It is only necessary, in conclusion, for me to point out that these 
further identifications, which go far to complete the series of Ia)w- 
level Boulder-clay rocks, are a further confirmation of the views ex- 
pressed by me “ that all the stones (of the north-west of England 
Drift) are confined to the basin of the Irish Sea and the river-basins 
flowing into it, excepting some stray stones that may have come 
from the Highlands of Scotland 


Disctjssiox. 

Dr. Hicks remarked that similar evidence to that obtained on the 
north-west coast was furnished by the Vale of Clwyd. At St. 
Asaph the granites and other rocks in the Boulder-clay were to a 
great extent derived from a distant source, evidently somewhere 
to the north, only a few from the neighlmurhood ; ‘ hut further 
south the boulders were mainly from the \\ elsli area. 

“ The Drift-bed^ of the North-West of England,” Quart. Joum. Geol Soc. 
vol. xxxix. p. 12C). 
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19. On the so-called Sponoia parapoxica, 8. Woodward, from the 
Red and White Chalk of Hunstanton. By T. M®Kennt 
Hughes, M.A., Woodwardian Professor of Geology, Cambridge, 
(Read February 20, 1884.) 

The sea -cliff of Hunstanton in Norfolk offers one of the most 
interesting sections along our eastern coast. We there have an 
opportunity of examining in detail all the beds from well down in 
the Lower Greensand fairly up into the Chalk, and we see that, 
where we should have expected to find the Gault and Cambridge 
Greensand, there is instead a conspicuous band of red rock about 
4 feet in average thickness, which, when examined closely, seems 
to pass up into the Chalk above, part of the lowest bed of whi(‘h is 
mottled with stains and nests of red earthy oxide of iron, and to 
pass down through more and more sandy layers into the Lower 
Greensand underneath, as if it was either largely derived from the 
Lower Greensand, or the conditions of deposit of the Lower 
Greensand were still going on while the earlier part of the Red 
Rock was being formed. When we stand off at a little distance, 
however, the line of demarcation appears more sharply defined by 
the results of weathering. Palscontologically, too, it is a section of 
great interest. The Red Rr)ck and the lower part oi* the Chalk are 
full of organisms of various kinds, of which lists have been given 
by Taylor Samuel Woodward t, Rose J, Wiltshire §, Seeley and 
others ; and in those lists \’*o find repeatedly the description or 
mention of a fossil which, from the time of Woodward on, was 
referred to under the name of S^tonc/ia or Sqdionia paradoxica. 
The bed at the base of the White Chalk is sometimes spoken of as 
the Sponge-bed, from the prevalence of these bodies, which have 
been supposed to be sponges. 

Taylor gives a good section and description of the beds seen (Phil. 
Mag. vol. Ixi (1823), p. 81.) in the Hunstanton Clifi', in which he 
says, p. 82; — “ No. 4. 14 foot. A stratum of white chalk, more 
loose than the last, containing no fossil shells ; yet is distinguished 
by a remarkable species of ramifying zoophyte, resembling the roots 
of trees ; about an inch thick, branching and interweaving in every 
direction. Some of the fragments are not unlike the horns of a 
stag.’’ And again, “ No. 6. 2 feet. Rod chalk, of a rough disjointed 
structure, similar, except in colour, to No. 4, and, like it, though in 

* “ Hunstanton Cliff,” Phil. Mag. vol. Isd. 

t Geology of Norfolk, 1833. 

j “ Sketch of the Geology of West Norfolk,” Lond. & Edinb. Phil. Mag. and 
Journ. vols. vii. & viii. 1835-3(). 

§ On the Red Chalk of England,” Geol. Assoc. Ap. 1859. “ On the Red Chalk 
of Hunstanton,” Quart. Joum. Geol. Soc. May 1869. 

II “ On the Red Limestone of Hunstanton,” Ann. & Mag. Nat. Hist. April 1861. 
** On the Hunstanton Red Rock,” Quart. Journ. Geol. Soc. vol. xx. p. 327 (1804). 
Q.J.G.S. No. 168. T 
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a smallor degree, interwoven with the ramifying zoophytes before 
mentioned.^’ 

Woodward mentions the fossils in his ‘ Synoptical Table of 
British Organic E-emains,’ 1830, and in his ‘ Geology of Norfolk,’’ 
1833, and refers in illustration to the figure given by Webster in 
his paper on Alcyonia^ Trans. Geol. Soc. vol. ii. pi. xxvii. f. 1. But 
on hunting up this reference, we find that Webster is describing 
what he calls the Tulip Alcyonium, and makes no mention of 
Hunstanton, or of the Bed Bock and associated beds, or of 
Spongia paradoxica\ and, moreover, he docs not appear to be 
describing the same fossil. So this appears to be only the 
reference to a picture of an organism which Woodward thought 
the Bpongia paradoxica might have resembled. 

Bose (1835-36), describing the Bed Chalk of Hunstanton, borrows 
largely from Taylor. “ It is,” he says, “ a compact limestone coloured 
by oxide of iron, containing many small dark-green siliceous pel)bles, 
and is divided into two beds : the uppermost, al)out seven inches 
in thickness, abounds in organic remains ; this bed is intersected 
throughout by a ramose Zooi)hite, the nature of which is not satis- 
factorily determined ; and the two characteristic species of Belemnit(‘S 
are in great abundance ; Terebraiula hxplkata and Inoccmini are 
numerous, and one species of Nautilus occurs. The lower bed is 
three feet five inches in thickness, contains less of the zoophite, 
and fewer fossils than the upper, but the siliceous pebbles are more 
numerous’' (vol. vii. p. 181). 

Again, under the head of ‘ CJialk without Flints,' he says (Z. c. 
p. 275) “ Under this denomination I include all the Lower Cretaceous 
beds. At Hunstanton Cliff,'wherc thej" are exposed, rc'posing imme- 
diately upon the red chalk (as it has hitherto been called), three 
natural divisions of them may be observed ; the lowest is made up 
almost entirely of a ramose zoophite, which strongly characterizes 
it ; the middle above has a gray colour and arenaceous texture, 
abounds in organic remains : the gray shale [shade ?] forcibly distin- 
guishes this ; and the uppermost bed, usually denominated the lower 
chalk, which here forms the upper portion of the cliff, is readily 
distinguished by its pure whiteness. It has been attempted to sepa- 
rate and arrange these beds by their zoological characters ; the 
zoophitic bed has been considered the equivalent of the tipper greeny- 
sand or firestone ; and the gray bed that of the chalk-marl ; but I 
find the characteristic fossils of the upper green-sand, and chalk- 
marl so intermingled in the gray bed, that it is impossible to draw 

a line of demarcation between those two strata The lowest 

of these beds (No. 4 of the section of Hunstanton Cliff*) reposes upon 
the thin seam of dark red argillaceous matter which separates it 
from the red limestone or Gault equivalent. The texture of this 
bed varies, some portions of it being very loose, others exceedingly 
hard and compact ; its substance is throughout intersected by a 
ramose zoophite, the original texture of which is so completely ob- 
literated that it appears impossible to determine precisely the nature 
of what it is the relic : the formation of the stratum is best ex- 
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plained by supposing it ori^nally a coral reef, and its interstices 
filled with cretaceous mud ; it is about eighteen inches in thickness, 
and contains very few organic remains/" He remarks in a footnote 
that “ a nearly corresponding bed composed of ramose zoophytes oc- 
curs in Sussex : vide Geology of S.-E. of England, p. 384, note d.” 

The name only is handed on by subsequent writers. So few 
exact observations have been recorded in favour of the fossil being 
a sponge, that we may fairly reconsider the question ; and in doing 
so, I am led to go further and question whether the object can be 
referred to any organism. 

The beds in which this fossil is most abundant are full of frag- 
ments of shells, corals, llryozoa, sponges, &c., and, therefore, spicules 
and other indications of sponge-structure may be seen in any part 
of the mass, just as fragments of any other organism may be found 
where such remains have not been obliterated by chemical action. 
Hut I cannot find in the specimens which I have had cut, any struc- 
ture associated with or limited by the boundaries of the trailing 
objects known as Spongla pantdoxka^ in such a manner as to 
suggest that it represents an original organism of the form of the 
paradoxical body in (juestion. Eor fear this might be due to the 
accident of my having less well-preserved specimens, I have asked 
many friends who have had opportunities of examining these fossils, 
whether they have ever seen any structure belonging to the bodies 
in question. The liev. 0. Eisher, of Harlton, replies — “ I have a 
section, by Ciittell, of what 1 believe is Spoagia paradoxlca. It 
does not show any struct ure that I can see. The mode in which it 
ramifies over the rock in a network is very curious. TJie piece from 
wliicli my slice was cut had a veiy definite body surrounded by a 
coating of indurated chalk.” 

Next, as to the manner of occurrence of the fossil: it is found in 
beds full of large fragments of hiocemmus and other fossils, which 
have drifted into tlieir present x)osition ; and this, as Mr. Starkie 
Gardner remarked to me on the ground, i)oints to conditions un- 
suitable for the gro wth of a slender sponge. Many of tho undoubted 
sponges, Bryozoa, &c., are fragmentary and apparently transported 
to their present position, while the Spongla paradoxica does not, so 
far as I have observed, ever occur in a fragmentary condition, but 
always forms part of an apparently complete ramifying body. The 
interruj)ted fragmentary appearance sometimes seen in the face of 
the cliff is due to the breaking away of portions of the cylindrical 
body after exposure of tho rock-surface, or to its running into the 
mass so as to bo lost to sight, because the irregular fossil does 
not all lie in tho plane of the section. It occurs most commonly 
in layers along the bcdding-jdancs, but very frequently extends 
up through tho whole thickness of what we ma} call a bed, i. e, 
about 5 or 0 inches, and runs on into tho masses which appear 
to belong to the layer above. Now it is very improbable that 
it could support this long trailing stem in a vertical or oblique 
position, or that it grew on while the chalky mud was accumu- 
lating around the lower part, while the form does not support 
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the view that it was the root portion of a sponge allied to 
fihonia ; for the masses arc of approximately uniform thickness, 
and terminate in rounded ends in the same piano as the rest of the 
fossil, or taper oif along joints into banded rock, such as is due to 
infiltration ; and in no case can I learn that any head has ])een 
seen attached to, or been found in connexion with, these branching 
anastomosing rootlikc masses. It extends in a network iin inter- 
ruptedly over many yards of rock, apparently, indeed, over the 
whole bed. The meshes are from 1 to 5 inches across, more or less. 
It cannot be regarded as reimesenting l>oiinding portions of sarcodc 
round canals, as there is no depth to the structure ; it is merely a 
very open net of a material rarely thicker than a one-inch rope ; 
nor can it be referred to a trailing anastomosing ramose s])onge, as 
it occurs in vertical as well as in horizontal planes : and these 
vertical or highly inclined planes along which it occurs appear 
commonly to coincide with the joints. 

Another body to which the name Sjmnqia parado(vlca has been 
sometimes given is common in the same beds. It consists of 
masses of more crystalline texture, which exhibit upon the weathered 
surface a fretted network of small ridges enclosing cuplike de])ros- 
sions of irregular fonn and size, such as are not uncommonly seen in 
certain beds belonging to the Mountain-Limestone, or more exactly 
like some weathered surfaces of gypsum, where they obviously 
depend not only on the une([ual texture of parts of the limestone 
or gypsum, but also upon the accidents that deteranne the limita- 
tion of drops upon a 'w indow, of the dotted moss and lichens that 
guide the formation of the weathered holes in limestone which are 
often mistaken for pholas-hnrrows, or of the cavities in the fretted 
surface of ice or rock-salt. 

These fretted surfaces are seldom found upon the trailing ramose 
bodies above descriljcd, which have a smooth exterior and are of 
approximately uniform thickness, whereas the fretted masses are 
tuberous lumps of all sizes up to 4 or T) inches in diameter ; hut 
there is no reason for considering that the fretted masses arc organic 
any more than the others. They show no internal structure, and 
the peculiarity of form and of surface has been shown to he just 
like that found in other weathered concretionary bodies. 

A microscopic examination of sections cut across these bodies often 
show’s a more comi)act crystalline structure than that Avhich is seen 
in the other part of the rock ; but in other res])ects it is the same, 
and contains the same fragments of shell, &c., and the same grains 
and pebbles. 

Seeing, then, that there are so many and great difiiculties in the 
way of accepting the view that these bodicjs represent the outlines 
of sponges, we must next ask whether there is any other probable 
explanation of them ; and an examination of them in jdace suggests 
the idea that they may be merely concretions, owing their symmetry 
of form and regularity of arrangement to rock-stnicturo, w’hich is 
more obvious in the cliff than in hand-specimens. 

First, we notice that in a general way they run along the inter- 
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sections of joints with the bedding-pianos or with one another. At 
the intersecbion of three or more such planes they spread out into 
triangular pieces or irregular Hat masses according as these 
divisional planes have affected the infiltration and concretionary 
action. When the exterior part which should show the sponge- 
growth comes across an included fragment, it docs not grow round 
it, as would a sponge, but shows a banded concretionary structure, 
as seen under similar circumstances in the ironstone concretions of 
the Lower (ireensand or Oolitic series. 

The lied llock itself is a concretionary bed ; there is a pink gritty 
or conglomeratic limest one, with cavities filled with spar and slicken- 
sidcs, pervading it ; wliere circumstances favoured the formation 
of concretions of uniform size and form, as was the case along the 
intersections of the joints and bedding-planes, there a symmetrical 
series was produced ; elsewliere the concretionary limestone occurs 
in large nodular masses in the more sandy matrix. So the occur- 
rence of flint in the overlying chalk is very much regulated by joints 
and bedding which facilitated, and clayey bands which impeded, in- 
filtration; but wc have, in tliat case, the additional disturbing cause 
arising out of the fact that the silica was apt to be attracted by the 
traces of organic matter left in conne^xion with fossils. 

Phosphatic nodules are not uncommon in the lower part of the 
White Chalk ; and it occurred to me that had these paradoxical bodies 
been s])Ouges, they might have been pliosphatizod, as is so com- 
monly the case with the sponges of the Cambridge Greensand or 
basomont-bod of the Chalk. 

Portions of the specimen exhibited liave been analyzed in the 
chemical laboratory at Cambridge, through the kindness of Professor 
Liveing, who wiites, “ assistant has examined the specimen you 
sent to the laboratory ; ho does not find any veiy obvious difference 
in composition between tlie nodular ])art and the surrounding matrix. 
Both contain a small (jnantiiy of pliosphate, but only a very small 
quantity, and it is as nearly as possible in equal proportion in nodule 
and matrix. 

“ As to the green colour about the concretion, it appears to be due 
to silicate of iron ; at the same time it may be due in some slight 
degree to some pliosphate of iron ; for there is rather more phosphate 
in proportion to the whole mass in tliis green part than in the rest 
of the matrix ; but the whole quantity of phosphate is small in both.’^ 

In this respect it agrees with tho nodules in the base of the Upper 
Chalk, near Swindon, some of which have been analyzed by Mr. 
Phillips, of St. John’s College, who informs me that there is nearly 
as much phosphate in the chalk which forms the matrix as there 
is in the nodules themselves. The only difference which can be 
detected is that which can be seen with the naked eye, namely, that 
the nodules and the so-called Spon/jia paradoxicu often have a more 
hard stony character, due to incipient crystallization of tho carbonate 
of lime. 

It is always difficult to prove a negative ; but it docs seem to me 
that enough has been said to throw doubt upon the sponge-theory, 
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and further, that in the concretion-theory, another possible expla- 
nation has been offered. I am aware that sponges do often perish, 
BO as, in the fossil state, to leave nothing but the form to guide us 
as to the whereabouts of the whole or certain portions of the 
organism. In such cases, however, a part of tho structure has 
generally been preserved somewhere ; but in tho case of 
paradoxica, I cannot find that any structure has over been seen in 
the bodies referred to under that name, nor can I learn that there 
are sponges known which have the habit and manner of growth of 
the Spongia paradoxica. Therefore it would seem that until those 
familiar with sponges offer some further evidence, we must, abolish 
the name which assigns to this body a definite zoological ])lace. 

Through the courtesy of Mr. AV. Johnstone, I am allowed to 
append the quantitative analyses of the so-called sponge and s])ongc- 
bed, which were read to the Society in the discussion n]>on my ])ai)er. 
They fully confirm the results arrived at by Professor Liveiiig’s ex- 
amination of my specimens. 
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100-410 

100-207 

100-578 


No. III. Sponge-bed. 

„ IV. Sponge-bed (iniTnediaiely above red bed). 
„ V. ^ponyia paradoxica. 


Discussion. 

Dr. J, Gwyn JEFriiKYs referred to the creation, cither through mis- 
take or fraud, of Molluscan genera and species from tlie gizzard of 
a common Mollusk, as well as from other organisms not belonging to 
the Mollusca. 

Dr, Hicks spoke of the value of analysis in settling the question. 
Mr. W. Johnstone had made an importaiit series of analyses, 
which, by showing about equal quantities of phosphoric acid in the 
matrix arid in the supposed fossils, quite bore out the views of the 
author. 

Dr. G. J. Hinde said that he agreed with Prof. Hughes that it 
was not a sponge, for no sponge-structure could bo detected in it. 
The form alone would be no argument against it being a sponge. 
Forms like the S, paradoxica have been found at many other loca- 
ties. The saxonicus of Geinitz, from the Quador-sandstono, was 
similar. Goppert thought it a sea-weod, and Zittel has suggested 
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that it might possibly be the cast of a homy sponge. He was not 
prepared himself to offer a suggestion as to their nature. 

Prof. T. Ettpeet Jones thought that there were no grounds for 
not regarding them as some kind of organic structure, either sea- 
weed or sponges, or something else. The absence of structure was 
no argument against their organic origin ; in many fossils the outer 
form remained, but all structure had disappeared. He did not 
attach much importance to the proportion of phosphoric acid in the 
matrix and supposed fossil. 

Dr. Woodward recalled a similar case as occurring in the London 
Clay at Harwich. He stated that similar i)scudo-organic forms 
might be scon in course of formation in the sand at Bournemouth. 
He referred to the llarlania of the Isiagara Limestone, and similar 
forms in the iN’ummulitic rocks of Eg5'pt. The fact that such 
forms were found in strata of all ages pointed to their inorganic 
origin. 

The Author said that from its great extent and manner of 
occurrence the whole mass could not he referred to any organism, 
though parts might resemble some sponges in form. The position 
of the branching masses and their sections pointed to a concre- 
tionary origin. What most resembled organic structure in S, par a- 
doxka, viz. the stag’s-horn pattern, was exactly simulated on many 
limestones and on gypsum, where the fretted surface was produced, 
not by weathering above ground, but in the red marl in which the 
gypsum occurred. 
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20. On the Occubrbnce of Antelope remains in Newer Pliocene 
Beds in Britain, with the Description of a new Species, Gazella 
anglica. By E. T. Newton, Esq., E.G.S. (liead March 9, 
1884.) 

[Plate XIV.] 

In the year 1878 Mr. H. B. Woodward, of the Geological Survey, 
obtained from the Noi*wicli Crag at Thorpe, near Norwich, a 
fragment of a horn-core closely resembling tlie correspoiiding part 
of a Goat; and although the genus was not known to occur in beds 
of undoubted Pliocene or Pleistocene age in Britain, I lelt justified 
in calling attention to it by inserting Capra ? in the list of 
Mammals from these beds, which appeared in the Survc}’ Memoir 
‘ On the Country around Norwich ' (l^'Sl), j). oo. More recently 
my colleague has been fortunate enough to get another and much 
more perfect horn-core from the same place. As will be seen from 
the description given below, there can be no question as to tJie close 
relationship of this specimen to the Antelopes, and more especially 
to the Gazelles; but it is not certain that the first -found of these 
horn-cores belongs to the same genus as the second ; indeed, the 
slight impressions of the brain convolutions, which are traceable 
on the inner wall of tlu‘ frontal bone, seem to indicate a greater 
complexit}’ of these parts than is found in the second sjjocimen. 
However, seeing that we now have undou])ted evidence of an Anti- 
lopine form occurring in these de 2 ) 0 sits, it will ])erha])s be better to 
refer the less perfect specimen to the Antilojjidm, and not to the 
genus Capra, 

The second and more perfect specimen (1^1. XIV. fig. 1) consists 
of a right horn -core with its frontal bone and a Bagmciit of the 
parietal hone still attached. The frontal suture is perfectly pre- 
served, and consequently the direction aud amount of divergence of 
the hom-cores can be clearly made out (fig. 2), More ihaii half of 
the orbit remains, although its ui>per border is broken away. On 
the inner side the frontal hone retains yary perfectly the impressions 
of the convolutions of tlie right anterior cerebral lobe. 

The uptjer part of the horn-core is broken, and in its present 
condition seems to be much ta})ered ; but other specimens, to be 
presently noticed, show that this is largely due to the abrasion 
which it has undergone. The horn-core is supported upon a smooth 
pedicle, which, on the inner side at its middle jiart, has a height of 
about 10 millims. The core itself is rugose, and, being at its base 
larger than the pedicle, forms a kind of burr. A cross section in this 
region gives an oval outline (fig. 3), the front and back being rounded, 
without any trace of a sharj) edge or keel having existed ; neither 
is there any indication of twisting. Judging from the relative 
positions of the brain-cavity, orbits, and other parts, it is probable 
that the horns were held almost erect, with a slight curve backwards. 
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The bases of the two horn-cores were not set parallel upon the skull, 
but diverged posteriorly. It is evident that the skull was very 
narrow, a space of not more than from 14 to 10 millim. intorvening 
between the bases of the two horn-cores ; and the orbits must have 
very nearly met below the brain. The pedicle extends downwards 
in front of the orbit, and towards the middle line the frontal bone 
recedes, so as to form a hollow forehead. Close to the frontal 
suture the bone thickens again, so that when the two frontals were 
together, there must have been a median ridge. On the front and 
inner side of the pedicle, quite at its lower extremity, a deep trian- 
gular depression, or fossa, is seen (fig. 2, /f.), from the upper part of 
which a large foramen jnerces tlie frontal bone and passes directly 
into the upper and inner side of the orbit. Above and behind the 
orbit there is a well-marked pit, which indents the hinder fourth of 
the pedicle (fig. 1, pp-)* air-cavities can be seen in the frontal 
bone, and indeed the inner and outer tabulae are so near together as 
to render it probable that only cancellated bone intervenes l^etween 


them. 

Measurements in Millimetres^ 

Height of hom-core from margin of orbit S4'0 

Antero-posterior diam(‘ter of ditto at l)ase 33’o 

Lateral „ „ 21*5 

Probable diameter of orbit 31*0 

Greatest width of specimen from frontal suture 

to the present outermost part of orbit J 

Diameter of frontal foramen 4*5 


The frontal bone heir 2 : almost perfect and having the impressions 
of the cerebral convolutions ])reserved on its inner surface, it has 
been possible to take a plaster cast, which reproduces the form of the 
right frontal lobe and shows clearly the characters of its convolu- 
tions, thus enabling us to compare these important parts with those 
of the recent Antelo])cs. The remarkable compression of the brain 
in the orbital region is one of its most marked characters. The outer 
side of the frontal lobe, which rested upon the orbital plate, is almost 
plane (fig. 5), but two longitudinal sulci are traceable. The upper one 
is the more distinct, and towards the front it curves upwards and 
ends in a depression ; posteriorly it deepens, and, passing upwards, 
forms the Sylvian fissure {sf.). Viewed from above (tig. 4), one 
convolution {a) is seen to follow the contour of the outer edge. 
This convolution at its hinder i)art is juished upwards by the 
Sjdvian fissure {sfi). More towards tlie middle line arc two other 
convolutions of a sigmoid form (7>, c), or rather ono broad one with 
a sulcus along its middle incompletely dividing it into two parts. 
On the inner side of the hinder end of the last-mentioned convo- 
lution is a portion of another ono (J), small but deeply curved. In 
front of this, and next the middle line, is a roughened space, probably 
indicating another convolution (7?), the somewhat enlarged termination 
of which {(j) is seen at the front of the brain just above the olfactory 
lobe, the position of which is shown in fig. 5, of. 
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Puring the time that I have been working at this Norwich- Crag 
Antelope, two other examples from the same horizon have como 
under my notice, so that the occurrence of the Antelope in these' l)e(ls 
does not rest upon one specimen. The second example is in the 
Geological Department of the British Mnsoiim at South Kensington. 
It is labelled as belonging to the AVigham collection, and from the 
Norwich Crag of Norfolk (No. This also is a honi-con* and 

frontal, somewhat smaller than Mr. AVoodward's speciiueii, with rather 
more of the horn -core preserved. The two have a somewhat (lifli ront 
appearance, both being imperfect : but they agn'c in all their prijjeipul 
characters, such as the position and form of the frontal fossa and its 
foramen, the position of tin' pit at the back of tlie pedicles, and also 
in the arrangement of the brain-convolutitms. 

The third exam jde was among a number of bones from the Thorjm 
Crag Pit, which Dr. Arthur King, of Asploy (hiise. Wohiirn, j)resentcd 
to the Museum of Practical Geology. Tliis sp('cimen, like the other 
two, consists of a horn-core and front al : it rc})cals so ch»sely tlie 
characters of the two alroady noticed that 1 have' no doubt as to jill 
three belonging to the same species. Dr. King's specimen (IM. X IV'. 
fig. 6) is somewhat smaller than that found by ^Ir. Woodward, and 
is more mutilated ; hut the portion of horn-coro j>reserved is little 
abraded and indicates only a slight tapering, thus confirming the 
opinion above expressed, namely, that the luort' rapid tapering of 
Mr. Woodward’s si)ccimcii is largely due to al)rasion. 

There is one other specimen which should be noticed, as it may 
possibly belong to this Pliocene Antelope ; it is the distal half of a 
left tibia, preserved in the British Museum and labelled “ Wigham 
Collection, Norwich Crag, Norwich.” The proportions and structural 
details of this bone correspond with those of the tibiae of some of 
the smaller Antelopes. As no other form is known from these de- 
posits to which this tibia is likely to have belonged, it is better for 
the present to include it under the same species as the hom-eorcs 
already described. 

A comparison of this Pliocene Antelope with the Antelope skulls 
in the British Museum and Iloyal College of Surgeons shows that, 
both in size and confonnation, it agrees most closely with the 
Gazelles. Several of the nearly allied genera agree with the fossil 
in possessing a deep frontal fossa, from whicli the supra-orbital fora- 
men passes directly into the orbit ; but uith none is the agreement 
so close as it is with the Gazelles. The three forms wdiich seem 
most nearly to resemble tlie fossil are Gazclla dorcas, G. HxthjuU 
turosa, and G. BenncttiL Gazelht dorraft, from Abyssinia, has the 
frontal fossa and its foramen, as well as the form of the horn-cores 
and pediclas, much as in the fossil ; but the pit at the back of tho 
pedicle is neither so deep nor so far forw'ard as it is in the fossil. 

The brain of this species, as show'ii by a specimen in the Musoiim 
of the Iloyal College of Surgeons, labcdlcd Gazclla dorcas^ Egypt (No. 
1327. c, ?*.), has the frontal convolutions more complex than they 
are seen to be in the cast of the fossil. Tho brain of Gazclla suh^- 
guttwro8a^ from Persia, in the same Museum (No. 1327, c, c.), has 
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the convolutions of the frontal lobe much like those of the fossil, 
the three longitudinal convolutions (a, h, c in figures) being distinctly 
traceable ; but the brain of G. suhgutt/urosa has not the lateral com- 
pression of the fossil ; and consequently, although the same convo- 
lutions are seen, they are inoportionately wider. In addition to 
this the external features of the skull are different, G, suhguiturosa 
having the horn-cores more upriglit and more curved, whilst the pit 
on the pedicle is further back and shallower. 

Gdzdla BmuHtn. is the species most like the fossil in the form of 
the exterior of the skull, the greatest ohsers^able difference being in 
the shape of the frontal fossa, the inner margin of which is less 
distinct than it is in the fossil ; and the pit on the pedicle of the 
horn-core is shallower and placed quite at the back. Mr. 11. Ly- 
dekker has kindly lent me a skull of G, Iknncttu^ ^\uth permission to 
bisect it and take a. east of the brain-cavity ; and I find that its brain 
(fig. S) more closely resembles this Pliocene fossil than does that of 
any other species with which I am acquainted ; and indeed it requires 
a close examination to trace any difference between them. However, 
although the same three longitudinal convolutions (a, h, c) are to be 
seen, it will be noticed that the sulcus between the convolutions 
h and c is continued backwards, so as to separate these two convo- 
lutions at their back part ; while in the fossil (fig. 4 ) they are joined 
at this point. There are other slight differences in the convolutions 
of the orbital region *. I am also indebted to Mr. Lydekker for the 
opportunity of examining the skull and cast of the brain of the 
Tibetan Gazella picticandata : but both these parts have fewer 
characters in common with the fossil than have been shown to exist 
in the species above noticed. 

It now remains to be seen whether the Norwich-Crag Antelope 
will agree with any of the known fossil forms ; for although no 
species of Antelope has hitherto been recorded from British strata, yet 
more than forty fossil species have been named from other parts of 
the world. Only a few of these, however, show sufficient resem- 
blance to our fossil to render it neccssaiy’ to call special attention to 
them t ; and some, having been established on parts of the skeleton 
other than the skull and hom-cores, cannot bo compared with the 
parts of the British Antelope at present obtained. 

All the fossil Antelopes from the Siwalik Hills which have been 
made known to us are larger than this British example, the one 
which comes nearest to it, AntUope porrecticornis, being at least half 
as large again, and having the horn-cores directed more outwards, 
with their inner sides definitely concave from end to end, while the 
frontal fossa is pyriform and not triangular. 

* It was thought that possibly different individuals might vary as to the 
characters of the skull or brain, and Mr. W. T. Blaiiford has very kindly placed 
at my disposal the skulls of two additional specimens of the Indian Gazella 
Bennettii for examination. Having taken casts of the interiors, I find that 
in their internal as well as external characters they agree exactly with Mr. 
Lydekker’s specimen. 

t A list of all the known fossil species, with references, is given at page 285. 
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Gazella hrevicomis^ from the Miocene of Pikermi, has tho horn- 
oores strongly curved and not so much flattened as in our fossil, and 
at the same time they taper more rapidly towards the summit. 

Antilope deperdita, from the Miocene of Mont Leberon, very 
closely resembles the last-named species, having the horn-cores 
strongly curved. The brain also of this species, as described by 
Gaudry, has the frontal convolutions more complex than they are in 
our fossil. 

Antilope liastata^ from the Pliocene (?) of Montpellier, besides 
being three times as large, has the horn-cores reclinate with a strong 
anterior and posterior limiting ridge. 

Iragoceros Vahnclennesl^ from the Miocene of Pikenni, seems to 
have been about the same size as our fossil ; but the horn-cores are 
too reclinate, show no basal pit, and are set wider apart on the 
skull. 

Pala^oryx parvidens, also from Pikermi, is larger than tlie Crag 
species, has the horn-cores more curved, and more nearly round in 
section. 

This comparison of the remains of tlu* Xorwicli-Crag Antelope 
with the recent and fossil forms shows that it agrees more closely 
with some of the Gazelles of the i)resent day than with any of the 
known fossil species. And seeing that almost all its known 
characters, including the triangular frontal fossa and sui)raorbital 
foramen, as well as the arraiigeiiKUit of the braiu-eonvolutions, arc 
to be lound in one or other ol the recent Ga/.ellcs, there is ample 
justification for placing it in the same genus. Jlut inasmuch as this 
English Gazelle difi[ers in certain ])ointstrom each of the forms 
which it most nearly resembles, a new specific name must be found 
tor it ; and that of Gazella angUca is suggested as being most 
appropriate. 

The tollowiug Sotv. on the liorizon from which these specimens 
were obtained has been kindly ap]>ended by Mr. 11. Ji. M'oodward, 
who is so well acquainted with these East Anglian deposits; and 
further information will be found in his *Sur\ ey Memoir ^ oli the 
Country around Norwich,’ to which allusion ‘ has already been 
made. Mr. Woodward sa} s : — 

The specimens described by Mr. Newton were o])taiiiod from the 
lower portion of the Norwich Crag at Thor]>e, near Norwicli. The 
bascmeiit-bed of this deposit, as is well known, generally consists of 
a bed ot flints, of which the majority are more or less rolled, though 
some aj)pear unworn. Pebldes of (quartz and quartzite are occasion- 
ally met with in the bed; and at Thorpe 1 found in it a worn frag- 
ment of Grypdum dilatata. At this locality the Crag Mollusca aj)pear 
abundantly in the bed ; and they even occur in crevices of the Chalk 
beneath, the surface of which, in places, is bored by marine shells and 
Annelides. This basement-bed has been ealled the Mammaliferous 
8tone-bed by Mr. J ohn Gunn, because it is held that most of the 
mammalian remains of the Norwich Crag have been obtained from it. 
During a residence of four years at Norwich 1 frequently visited the 
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Thorpe pit, and as the Stone-bed was at times extensively worked 
away, I learnt from the workmen that while bones were found among 
the flints in all situations, they were most abundant immediately 
above the Stone-bed. In this position above the Stone-bed there 
was found a portion of an Elephant’s tusk, 4 feet 6 inches in length ; 
and in the same situation occurred most of the bones I had the good 
fortune to obtain, including the specimens now described by Mr. 
Newton. It is true that the Stone-bed is only from 1 foot to 18 
inches or 2 feet in thickness ; but the situation of the fossil bones 
is important in indicating that they belong to the Norwich-Crag 
period as much as do the Mollusca and other organic remains, 
although this opinieJn has been questioned.” 

FOSSIL ANTILOPID^. 

Antilope arvernemis, Bravard, MS. Vide A. torticorkis, Ay- 
mard, MS. 

Aktilope boodon, Gervais. 

Miocene Liejniie of Alcoij, i:^ 2 ^ain. 

Bull. Soc. Geol. Fr. ser. 2, vol. x. p. 157, pi. v. 1853. 

Miocene^ F deer mi ? 

Kutiraeyer, “Binder d. Terliilrepoche,” Abhandl. sebweiz. pal. Gesellsch. 
vol. V, p. 84, 1878 ; possibly CTaudry’s unnamed sj^)ecies (Anim. Foss, 
et Geol. de I’Attique, p. 277, pi. xlTiii. f. 1, 18()2) may be this. 

[A. Massoni^ Forsyth Major, x^ssibly belongs to this species.] 

A large species near A, hoodon, found in Miocene ? of Perpignan, 
Gervais, Zool. et Pal. Genurales, p. 155, 1869. 

Antilope hrevicornis, Wagner. Vide Gazella brevicornis, Wagner. 

Antilope Christolii, Marcel de Series. Vide A. rupicapra, Pallas. 

Aktilope clavata, Gervais. 

Miocene, Sansmi, 

Geryais, Zool. et Pal. Fraiu^aises. i>. 78, 1848-52. 

Lartet et Plain ville (llde Gervais), Comptes Bend us, a ol. v. p. 426, 1837. 
Biitiineyer, “Binder d. Terliarejwche,” Abhandl. sclnveiz. pal. Gesellsch. 
vol. v. p. 84, 1878 Piedermaun). 

Aktilope compressa, Gervais. 

Horizon? Cuenron, Vaucluse, 

Zool. et Pal. Fran 9 aiseB, p. 178, 1848-52. 

Aktilope Cordieri, Christol {=A, rccticomis, Gervais). 

Pliocene, Montpellier, 

Christol, Ann. d. Sci. Nat. ser. 2, vol. iv. p. 231, 1835, Ann. sci. et industr. 

du midi de la France, vol. ii. p. 20, 1832 (fide Gervais). 

Gervais, Zool. et Pal. Fran^aises, p. 78, pi. vii. ligs. 3, 11, 1848-52, id. Zool. 
et Pal. G6n6raleB, p. 148, pis. xx. & xxi. f. 1-3, 1869. 
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Lower Miocene^ Casino^ nr, Siena, Tuscany, 

Forsyth Major, “Fauna Mamm. plioc. e post-plioc. d. Toscana,” Atti della 
Soc. Tosc. Sci. Nat. p. 229, 1875. 

Fiitimeyer, “ Kinder d. Tertiiirepoche,” Abhandl. sohweiz. pal. Gesellsoh. 
Tol. V. pp. 83, 87, and 180, 1878. 


Axtilope cristata, Eiedermann. 

Molasse of North Swifzcrland, 

“ Petrofacten aus der Uirigegend von Winterthur,” Iloft iv. p. 14, pis. viii. 
& ix. 1873. 

Eiitinieyer, “ Kinder d. Tcrtiarcpoche,” Abhandl. schweiz. pal. Gosellsch. 
vol. V. p. 84 and 87, 1878 (?=A. clavata, Gervaif). 

Axtilope beperdita, Gorvais. 

Miocene^ Mont Li^teron^ Cuctiron, Vaiiclusc, 

Zool. ct Pal. Franc;, p. 78, pi. xii. 1818-52. 

Gaudry, Aniinanx Fossilesdu Mont Leberon, 1S73, p. 57, pis. xi. & xii. 
Kiltimeyer, “Kinder d. Tertiiirepoche,” Abhandl. schweiz. pal. Gesellsch. 
Tol. V. p. 83, 1878. 

Antilope dichotoma, Gervais. 

Dihfvial Sands of Lectoure, 

Comptes Rendus, vol. xxviii. p. 549, 1849. 

Zool. et Pal. Fran9. p. 78, pi. xxiii. f. 4, 7, 1848-52. 


Axtilope hastata, Gervais. 

Pliocene ? Montj^uilUer, 

Zool. et. Pal. Gen. p. 149, pi. xvii. lig. 5, 1809. 

Kiltimeyer, “Kinder d. Tertiilrepoclio,” Abliandl. schweiz. pal. Gesellsch. 
vol. V. p. 180, 1878. 

Axtilope Jageki, Eiitimeycr. 

Wurttchihercf (“ Bohnerzyruhen 

Jager, Foss. Siiug. Wilrtteinb. 1839, p. 22, pi. v. f’. 43-54; at p. 201, called 
A. major. 

Kiltimeyer, “ Niitilrliche Ge.scliichle dcs Kindcs,” Neue Denkscdir. scliwciz. 
Gesellsch. vol. xxii. meins. 2 and 3, j). 89, Zurich, 1807. 

Id., “ Kinder d. Tertiiirepoche,” Abhandl. schweiz. }3al. Gesellsch. vol. v. 
p. 88, 1878. 

Axtilope Maileti, Gervais. 

Caverne de Mailet, Departement du Gard, 

Zool. et Pal. G6n, pp. (i7, 08, pi. xvii. f. 1, 3, 1809. 

Antilope maqeinensis, Lund. 

Cave, Lagoa do Sumidouro, 

‘ Blik paa Brasiliens Dyreverden,* Kjdbonhavn, 1841, p. 86, fide Kuti- 
ineyer (who ydacc^H little reliance on this determination), “Kinder Tor- 
tiarepoche,” Abhandl. schweiz. pal. Gesellsch. vol. v. p. 90, 1878. 
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Antilope Martiniana, Lartet, 

Miocene, Sansan, 

“Notice sur la Oolline dc Sansan,” 1851, p. 36. Extrait de I’Annuaire du 
D6partcment du Gera, Auch, 1851. 

Biutimeyor, “ Hinder d. Tertiarepoclie,” Abhandl. schweiz. pal. GeaeUach. 
vol. V. p. 84, 1878. 

Antilope Massoni, Forsyth Major. 

Lower Miocene, Casino, Tnseany, 

“Consid. siilla Fauna del Mainni. plioc. e postplioc. d. Toscana.” Atti 
della Soe. Toac. Soi. Nat. vol. i. p. 223, 1875. 

Hutinieyer, “Riiiderd. Tertiarepoehe,” Abhandl. schweiz. pal. Gesellsch. 
vol. V. p. 87, 1878. 

[Vide Antilope hood on, q. 285.] 

Antilope paljeinbica, Falconer. 

Siwalilcs, 

Pal. Mem. vol. i. p. 200, pi. xxiii. 1860. 

Lydckker, “Crania of Riiminaiits,” Pal. Iiidica, ser. x. p. 154, 1878. 

Hiitimeyer, “ Hinder d. Tertiarepoehe,” Abhandl. scliweiz. pal. Gesellsch. 
vol. V. pp. 88 and 181, 1878. 

Antilope patulicornis, Lydckker. 

Shmliks, 

“ Crania of Rinniiiants,’’ Pal. Tndica. ser. x. p. 157, pi. xxv. f. 3, 1878. 

Rlitimeyer, “Hinder d. Tertiare}>oche,” Abhandl. schweiz. pal. Gesellsch. 
vol. V. p. 181, 1878. 

Antilope porrecticornis, Lydckker. 

Siiualiks, Potivar (V.- IF. Piinjah), 

“Crania of Ruminants,” Pal. Indicji, .ser. x. p. 158, pl. xxv. t‘. 4, 1878. 

Rlitimeyer, “Hinder d. Tertiarepoeho,” AbJiandl. schweiz. pal. Gesellsch. 
vol. V. pp. 181, 1878. 

Antilope reciicornis, Gcrvais. Vide, A. Corbieri, Christol. 

Antilope (antidorcas) Eotiii, Wagner. 

Miocene, Pilccrmi. 

Abhandl. baler. Akad. Wiss. vol. viii. p. 154, pl. vi. f. 20, 1857. 

Gaiidry, Bull. 8oc. Goul. Fr. ser. 2, vol. xviii. p. 397, 1861 ; id. Anim. 
Foss, de TAttiquc, p. 297, pl. lii. figs. 2, 3, 1862. 

Hiitimeyer, “ Hinder d. Tertiarepoehe,” Abhandl. schweiz. pal. GoseUsoh. 
vol. V. p. 83, 1878. 

Antilope RUPicAPRA, Pallas ( = ^1. Ghristolii, Marcel de Ferres). 

Now living in Europe, 

Caverne t\ SalUles, Cahardcs, 

Marcel de Serres, “ Notice sur de noiivellos cavernes, Departement de 
I’Audo,” Journal de Geologic, vol. iii. p. 260, 1831, Paris. 

Caverne de Bize, near Carcassonne, Aiide, 

Marcel de Serrea, “Notice sur les Oavornes a OssomeiiB du D^Dartement de 
VAude,” p. 84, pl. v. f. 5, 1839 (fide Qervais). 
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Gervais, ZooL et Pal. Fran^. p. 77, 1848-62; id. Zool. et Pal. G6n. p. 60, 
1869. 

Cave at Mentone, 

Bdviere, Comptes Rendus, 1872, vol. Ixxiv. p. 1697. 

Thayinyer Cave^^ Schafffucusen, 

Nehring, Zeitschr. deutscb. geol. Gesell. 1880, p. 491. 

Trou du Siirean^ Belgium. 

Neliring, ibid. p. 507. 

(sp. ?) Langenhriinn^ Sigmarhvfen. 

Nehring, ibid. p. 493. 

(sp. ?) Cave near 0. Buzshi, iV\TF. of Kascliau, Hungary. 

Nehring, Zcitscbr. f. Etbnol. 1881, p. 102. 

Antilope saiga, Pallas. Vide Saiga tatarica, Linn. 

Antilope sansanensis, Lartct . 

Miocene, Sansan. 

Nolice sur la Colline de 8ansan, 18.51. p. 36. 

ButiTiieyer, ‘Hinder d. Tertiaropoehe,’' Abhandl. scbweiz. pal. Gesellscb. 
Tol. •v^ p. 84, 1878. 

Antelope sev alensts, Lydekkcr. 

Siwaliks of Kan gr a. 

“ Crania of Ruminants,’’ Pal. Indica, ser. x. p. 154, pi. xxv. figs. 1, 2, 1878. 
Eiitimeyer, “ Binder d. Tertiarepocho,” Abhandl. scbweiz. pal. Gesellsch. 
vol. V. p. 181, 1878. 

Antilope strepsiceeos, Pallas. 

Now liviwj in S. Africa and Alryssinia. 

Quaternary of Algeria. 

Gervais, Zool. et. Pal. Gdn. p. 92, pi. xix. f. 4, 1869. 

Bayle, Bull. Soc. Geol. Fr. ser. 2, t. xi. p. ^43, 1854 (fide Gervais). 

Antilope toeticoknis, Aj’mard, MS. (fide Iliitimeyer). 

Auvergne» 

Biitimeyer, “ Binder d. Tertiarepoebe,” Abhandl. scbweiz. pal. Gesellscli. 
vol. V. p. 84, 1878. 

Fuy-de-Bome, 

[A. arvemensis, Bravard, MS., on a specimen in the British 
Museum, said by Biitimeyer to bo the same as A. torticornis.'] 

Antelope, sp. 

Banics of the Irawady, Bvrmah. 

Clift, Trans. Gool. Soc. ser. 2, vol. ii. p. 374, pi. xli. f. 21, 25, 1829. 

Quaternary of Algeria (probably A. dama). 

Gervais, Zook et PaL Gen. p. 94, pi. xix. f. 5, 1869. 

(? gen.) Diluvium ; Magdeburg^ Quedlinburg, and near Numherg, 
Nebring, Zeitschr. deutscb. geol. Gesellscb. 1880, pp. 473, 476, 488. 



nWEB PUOOSVS BEDS TS BBITiinr. 


289 


Gazella. AiroLiCA, new species. 

Norwich Crag^ Thorpe^ near Norwich. 

Gazella brevtcornis, Eoth and Wagner. 

Miocene^ PikermL 

Abhandl. baier. Akad. der Wiss. vol vii. p. 452, non pi. vii. f . 4 & 6, 1854. 

Gaudry, Bull. Soc. G6ol. Fr. ger. 2, vol. xviii. p. 397, pi. viii. f. 6-8, 1^1 ; 
id. Anim. Foes, de I’Attique, p. 299, pL lyi. figs. 1^ and pi. Ivii. 
1862. 

Eiitimeyer, “ Kinder d. Tertiarepoche,** Abhandl. schweiz. PaL GeeellBcli. 
vol. V. pp. 83 & 87, 1878. 

Hippotragub Fraasii, Riitimeyer. 

Wurttemherg Bohnerzgruhen ”). 

** Natiirliche Gesehichte des Rindes.” Neue Benkschr. schweiz. C^esellsch. 
xxii. Meins. 2 & 3, p. 89, pi. i. f. 78, Zurich, 1867. 

Id. “Binder d. Tertiarepoche,” Abhandl. schweiz. paL Gesellsch. vol. v. 
p. 88, 1878. 

pAL^oREAS Lindermeteri, Wagncr. 

Miocene, Pikermi. 

Abhandl. baier. Akad. Wiss. vol. iii. pt. 2, p. 366, pi. iv. figs. 2, 5, 1848. 

Gaudry, Bull. Soc. Geol. Fr. ser. 2, vol. xviii. p. 395, pi. ix. figs. 4, 6, 
1801 ; id. Anim. Foss, de I’Attique, p. 299, pi. lii. to Iv. 1862; id. ‘ En- 
chainemente du Monde Animal,’ p. 82, 1878. 

Miocene, Mont Lliberon, 

Gaudry (? species), Anim. Foss, du Mont L^beron, Paris, 1873, p. 64, p. xii. 
fig. 13. 

Eiitimeyer, “ Binder d. Tertiarepoche,” Abhandl. schweiz. pal. Gesellsch. 
vol. V. p. 83, 1878, 

Paljeortx Meneghini, Eiitimeyer. 

Italy, horizon doubtful, 

“ Binder d. Tertiiirepoche,” AbhandL schweiz. pal. Gesellsch. vol. v. p. 87, 
pi. vii. f. 13, 14, 1878. 

PAL.a:oRYx Pallasii, Wagner (=P. speciosus, Wagner). 

Miocene, Pikermi, 

Abhandl. baier. Akad. der Wiss. vol. viii. p. 149, pi. vii. f, 21, 1857. 

Gaudry, Bull. Soc. Geol. Fr. ser. 2, vol. xviii. p. 393, pi. ix. f. 1-3, 1861 
(A. speciosus, referred to A, Pallasii) ; id. Anim, Foss, de I’Attique, 
p. 271, pl. xlvii. figs. 1 to 5, 1862. 

Eiitimeyer, “ Binder d. Tertiarepoche,” Abhandl. schweiz. pal. Gesellsch. 
vol. V. p. 83, 1878. 

PAnaaoRTx parvidexs, Gaudry. 

Mioesne, Pikermi, 

Bull. Soc. Geol. Fr. ser. 2, vol. xviii. p. 395. pl. ix. figs. 4, 6, 1861. 

Id. Anim. Foss, de I’Attique, p. 276, pl. xlvii. figs. 6, 7, 1862. 

Eiitimeyer, “ Binder d. Tertiarepoche,” Abhandl. schweiz. pal. Gesellsch. 
vol. V. p. 83, 1878. 

Palceoryx speciosus, Wagner. Vide P. Pallasu, Wagner. 

Q. J. G. S. No. 158. 
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Pazjbotbagos BoxnsKn, Cktudry. 

Mioeeiu, PiJcermi^ 

Bull Soc. G6ol. Ft. e^r. 2, yoI. xriii. p. 389, pi. Tii. figi. 1, 2, 8, 1861, 
Gaadiy, Anim. Fobs, de TAttique, p. 264, pi. xlv. 1862. 

Biitimeyer, ** Binder d. Teitimpoohe,*’ Alwandl. sohweis. pal. Gesellfloh. 
Tol. T. p. 83, 1878. 


PoRTAX NAMADicTTs, Kiitimeyer. 

Narbada, 

** Binder d. Tertiarepoche,” Abhandl. echweiz. pal. Gesellsch. toI. t. p. 80, 
pi. vi. figs. 7, 8, 1878. 

Lydekker, “Crania of Ruminants/’ Pal. Ind. ser. x. p. 180, 1880. 


PoRTAX, sp., Lydekker. 

Siwaliks. 

“Crania of Ruminants,” Pal. Ind. ser. x. p. 180, 1880. 

Saiga tatarica, Linnasus. 

Now living in Eastern Europe and Western Asia, 

In several Euro2)ean Caves. 

Lartet, Comptes Rendus, toI. Iriii. p. 1201, 1864. 

Woodward, Geol. Mag. toI. vi. p. 58, ]8(>0 (the possible English specimen 
referred to in this paper was doubtless ])art of a Goat). 

Dupont, L’Hoinme pendant les Ages dela Pierre, &c., p. 109 and Table. 
Bruxelles, 1872. 

Gervais, “Mat^riaux hist, de I’liomme,” ser. 2, vol. ir. pp. 270. 271 390 
1873. * ^ ’ 

Lartet and Christy, ‘Reliquiaj Aquitaniem/ pp. 95, 172, 287 (edited by T. 
Rupert Jones), 1875. 

Gaudry, Materiaux pour THistoire des Temps Quafernnires, p. 0.5, 18,80. 
Dawkins, ‘Cave Hunting,’ pp. 330, 348, 399, 1874; id. ‘Early Man in 
Britain,’ p. 98, 1880. (Possihly some of the remains alluded to by 
Nebring as Antilope, sp., should be placed here.) 


Tragoceros amalthetjs, Roth & Wagner ( = y. arcuatus, Gervais), 
Miocene.^ Pikermi. 

Abhandl. baier. Akad, der Wiss. toI. vii. p. 4.53, pi. \i. fig. 2, 18,54. 
Gaudry, Bull. Soc. Geol. Fr. ser. 2, toI. xviii. p. ,31K), pi. viii. figs.* 1, 2, 3, 
1861 ; id. Aniin. Foss, de I’Attique, p. 278, pis. xlviii. U> li. 18()2. 
Riitimeyer, “ Binder d. Tertiarepoche,” Abhandl, scbwoiz. pal. Gesellsch. 
Tol. V. pp. 83 & 87, 1878. ^ 

Miocene, Mont Leheron, Cucuron, Yaucluse, 

Gervais, Zool. et Pal. Franc;. 4dit. 2, 1^59, p. 343. 

Gaudry, Anim. Foss, du Mont L6beron, p. 50, pi. ix. figs. 8-11, and pi. x. 
Paris, 1873. ^ 

? Horizon, Near Yienna, 

Suss, Sitzb. d. kais. Akad. d. Wise. Wien, Bd. xlvii. Ablh. i. p. 314, 1863, 

Tragoceros arcuatus, Gervais. Yide T. amaltueus, Roth & Wagner. 
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Tragocebob Valeecieneesi, Gandry. 

Miocme^ Pthermi, 

Bull. Soc. G6ol. Fp. s^p. 2, vol. xviiL p. 393, pi. viii. figs. 4, 5 ; id. Anim 
Foss. del’Attique, p. 288, pi. xlviii. figs. 2, 3, 1862. 

Biitimeyer, “Binder d. Tertiarepoche, Abhandl. schweiz. pal. Gesellsch, 
vol. V. p. 83, 1878. 

Tragoceros, 8p. unnamed, Gaudry. 

Miocene^ PIkenni, 

Animaux Foss, de VAttique, p. 289, pi. 52, f. 1. 

Biitimeyer, “Binder d. Tertiarepoche,” Abbandl, schweiz. pal. Q-esellsch, 
vol. V. p. 83 (line 17), 1878. 


N.B. The following species have been founded on insufficient 
data : — 

Antilope fjyricornis^ Falconer, MS. 

Siw allies. 

Pal. Mem. vol, i. p. 281, 1878. 

Biitimeyer, “Binder d. Tertiarepoche,” Abhandl. schweiz. pal. Gesdlsch. 
vol. V. p. 181, 1878. 

Antilope major ^ Jiiger. 

Wilritemhen/ (“ Bohnerzffruhen^^), 

Foss. Saugeth. Wiirtt. 18:15-39, p. 201, pi. v. f. 46, 54, & 57-61, and pi. x. 
f. 49. At page 22 describecl but not named (figs. 43 to 54 have been 
called A. Jdgeri by Biaiiueyer) ; id. Foss. Sang. Wiirtt. Nachtrag, Nova 
Acta Acad. Natiirm curiosorum, vol. xxii. pp. 793 & 812, 1850. 

Antilope minor, Jiiger. 

Wnrtiemherej Bohnerzcfriihcn ”). 

Foss. Siiiigeth. Wiirtt. 1835-39, p. 201, pi. v. figs. 55, 56, & pi. x. fig. 48. 
Described but not nainod at p. 22 ; id. Foss. Siiiig. Wiirtt. Nachtrag, Nova 
Acta Acad, Naturae curiosorum, vol. xxii. pp. 793 k 812. 

Antilope molassica, Broun. 

Molasse of Wurttemhery, 

This name is given by Bronn, Index Paloeontologicus, 1848, p. 84, with the 
reference to Jag. Saugeth. 8, t .i. f. 32 ; but at this reference Jiiger mentions 
two astragali from the Molasse, one of wdiich he thinks closely resembles 
Antilopc ccrvica 2 )ra, and the other may be Verviis or Anfilopc ; no name 
is given to either of them. 

Antilope picta, Pall. {^Portax pietd). 

Living in India, 

Siwalilcs, 

Falconer, Pal. Mem. vol. i. p. 281, 1869. 

Biitimeyer, “ Binder d. Tertiarepoche,” Abhandl. schweiz. pal. Gesellsch. 
vol. v.p. 181, 1878. There is no good reason for thinking that this living 
form has yet been found fossil, but two forms of the genus Portojc ard 
recorded by Mr. Lydekker. 
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EXPLANATION OP PLATE XIV. 

All the figures are of the natural suse. 

Pig. 1. GaztUa anglica^ n. sp. From the Norwich Crag, of Thorpe, near Nor» 
wich. In tlie Museum of the Geological Survey. Bight bom-core 
and frontal bone seen from the outer side. 

2. Same specimen seen from the front with left side reproduced in outline, 
to snow the direction of the horn-cores. 

o. orbit; pa, portion of parietal bone; ff, frontal fossa; /. its 
foramen passing into orbit ; pp. the pit on side of pedicle. 

8. Section of hom-oore at its thickest part. 

4. Cast taken from the interior of the frontal bone, seen from above, 
showing the convolutions of the frontal lobe of the brain. 

■5. Same cast seen from outer side. 

tf. sylvian fissure ; a, 6, c, c, g. convolutions ; o/. position of 
olfactory lobe. 

6. Gazella anglica, n. sp. A left horn-core and frontal bone from tlie 

Norwich Crag, Thorpe, presented to the Mu5«*uin of the Geological 
Survey by Dr. Arthur King. Seen from the outer side. Letters as 
in fig. 1. 

7. Cast of interior of frontal bone of specimen fig. 6* 

8. Cast of the right frontal lobe of the brain taken from the skull of the 

recent Indian species, Gacella Beiinettiiy for comparison. Letters as 
in fig. 4, 

9. Similar cast taken from the skull of the recent Tibetan species Gazella 

picticaudata. 


Discussion. 

Mr, Ltdekker agreed with the author that the species was a 
Gazelle. He remarked that the HyoDua occurring in the Crag was 
an African type, and that further comparison of the present species 
with African Gazelles was desirable. There was very little differ- 
ence between the genera Antilcq^e and GazdUi ; and in the case of 
fossil forms, our knowledge of which is necessarily imixjrfect, he 
thought the recognition of a single genus would suffice. 

Mr. liLANFoitn remarked that the j)resent paper was the out-come 
of an excellent piece of pala'ontological work, and comjjliiiiented the 
author upon the perseverance with wliich lie had deduced such 
valuable re.sults from such exc^oedingly scanty materiaks. He re- 
marked, however, in connexion with the affinities of this fossil 
Antelope, that the author stated that ho had compared his specimen 
with the Abyssinian Gazelle, as well as with the Indian Bjwcies, 
but the Abyssinian animal is regarded by some of the best autho- 
rities as forming a distinct s}>ecics from tlie typical Gazella dorcas^ 
which inhabits northern Africa and, as a dweller in the Mediter- 
ranean and Palmarctic region, comes nearer than any other in geo- 
graphical range to the species described. After noticing the present 
distribution of the genus Gazella^ he pointed out that nearly all 
the species were inhabitants of plains, and most of deserts, and that 
the occurrence of this species in the Crag might perhaps indicate 
the condition of England in Pliocene times. 

Prof. pRESTWICn said that, f.bia ariAniOa •nroei ~ V.1 - 
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becanse the specimen was not derived. He noticed that a species 
of Antelope, belonging to the genus Saiga, already found in France 
and Belgium, occurred in Britain in Pleistocene times. Its remains 
were found a few years since, it was said, near Bedford. 

Mr. H. B. Woodward remarked on the valuable corroboration 
furnished by the specimen subsequently obtained by Dr. A. King 
from the same locality, and expressed his opinion that the Mam- 
malia found in the Norwich Crag belonged as much to the period as 
the Mollusca with which they arc associated, the former being 
borne down by streams or tumbling over the chalk cliffs which in 
places bounded the Crag sea. 

The Author in reply said that he had not been able to examine 
the recent North- African forms so thoroughly as he could have 
wished; but none of the Dorcas-Gazclle skulls in the British Museum^ 
or of those in the Royal College of Surgeons, were so like the fossil 
as was that of O. Bennettii : and the brain of an Egyptian Dorcas 
Gazelle in the latter collection also showed less resemblance to the 
fossil than did that of G, Bennettiu He thought the fossil species 
came nearer to G. Bcnnettii than to cither form of the Dorcas 
Gazelle. 
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21. On the Volcanic Group o/St. David’s. 

By Bev. J. F. Blake, M.A., F.G.S. (Bead Januor}’ 9, 1884.) 

The discordant views which at the present moment prevail on the 
subject of the oldest rocks in the 8t. David's district, and the interest 
which attaches to these rocks according to one at least ot the inter- 
pretations, induced me, after a visit to the Highland regions on which 
the same discordance is shown (but where nature seemed to differ 
widely from her earlier and disputant intcipreters), to attack the 
St. David’s problem independently, and to stay in the district long 
enough to come to a conclusion as to the true nature and age of the 
rocks. 

Finding myself in accord neither with Dr. Hicks on the one hand, 
nor with Dr. Geikie on the other, but led irresistibly to the more 
simple results so ably shadowed forth by Mr. Hudleston*, I cannot 
refrain from offering to the Society the evidences on wdiich my 
conclusions are based ; as 1 cannot suppose that the reply which Dr. 
Hicks will doubtless produce, will represent the same and, as 1 
believe, the true view of the question. 

The result of my observations may be thus briefly stated : — all 
the rocks which have been designated Dimetian, Arvonian, and Pebi- 
dian, round and near the city of 8t. David’s, belong to one volcanic 
series, whose members are those usually recognized in eruptive 
areas, and whose age is anterior to and independent of the true 
Cambrian epoch. 

An a priori argument in favour of this view is, that it unites the 
essential features of both the other interpretations ; it has the 
advantage of simplicity, and renders a reason for the constant 
association in the other Pre-Cambrian areas of three types of rock 
w^hich may be interpreted in the same manner. A' evertheless, were 
the foeman deemed w orthy of the steel, it would doubtless meet wdth 
strong resistance from the holders of either of the previous view^s, as 
it coincides with neither. 

The first point that stands in need of proof is the entire indepen- 
dence of every member of the volcanic series and the Cambrian rocks 
from the conglomerate upwards. Their junction can be studied in 
one way or another round most of the circuit, as seen in the map 
(fig. 1), and can only be satisfactorily explained by the occurrence of a 
series of bounding faults, such as would be produced when the under- 
lying mass was forced up amongst the newer rocks at the time when 
their nearly vertical position w’as assumed. 

On some parts of this circuit I need but briefly touch, merely 
corroborating what has been said by Dr. Hicks and others. {Starting 
at the south of St. David’s, the line of junction first comes to day 
in a little bay to the west of the ruins of A'un’s Chapel, where 

Quart. Joum. Qeol. Soc. vol. xzxiv. p. 167. 



Intermediate FoUite. |||i]|| Diabase Dykes. Bedded tuffs. 



Geological Sket^h-ma^ of the St, David^s District, (Scale 2 miles to 1 iocb.) 
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the following view may ho seen (fig. 2). Hero the conglomerate, 
which passes np into grey sandstone and has none of the interc^ated 
toff-like material which is found in the next westward cove, lies on 


Fig. 2.— F»«w wett cfNm’t Chapd, looking woH. 

Softuh. Hardftdi. 



a mass of tuffs attd ashes, some of which arc indurated hy siliceous 
infiltration into the “ porcellanites,” and others have intrusions of 
the spherulitic felsite. The line of junction, which is perfectly clear 
on the shore, is actually a faulted one, the conglomerate coining 
against and being entirely cut out hy the ashes at that particular 
spot ; and these latter seem to increase in thickness as they pass up 
the cliff next to the former. Buch a fault, stajiding alone as evidence, 
would, I admit, be of ver}' little consequence ; hut it is certainly 
satisfactory to find that in one of the very few places where a knife 
can be passed between the surfaces of junction, that junction is a 
fault. It is not, however, on the character of such isolated spots 
that the relations of two series are to be judged ; but we must 
inquire whether they ding to each other or not as they are traced 
across the country. 

Now we know that to the west, at Forth Clais, the conglomerate 
itself is cut out, all the ashes have disappeared, and the granite comes 
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into contact with and has been pnshed over the slate *. In the bay 
below Nun’s Chapel we have beneath the conglomerate, first, the 
fine ash, porcellanized in bands, then the coarser ashes, all nearly 
vertical, and finally in the recesses of the caves the massive spheru- 
litic felsite without proof of intrusion ; and all this is included in 
less than a hundred yards. When next, however, we come across 
a section in Caerbwdy valley, a red ash underlies the conglomerate, 
which is partly composed of its fragments ; then is seen a massive 
felsite; below comes a wide space containing thin-bedded porcellanites, 
next ashes, and finally the massive felsites of the cave, separated by 
nearly a quarter of a mile from the conglomerate. All the upper 
part of this series has been introduced here between the surfaces of 
junction, we can scarcely suppose by original deposition. Here then 
is unconformity or fault, or both, but certainly independence. 

The country hence to Solva valley is obscure, and what justifica- 
tion there may be for the boundary-line I cannot say. In that 
valley the mass marked as felspar porphyry is overlain both on the 
north and on the south by a conglomerate, or rather, a very coarse 
grit, which occupies the same place in the series as the other con- 
glomerates. These felspathic rocks I take therefore to be still part 
of the volcanic series, but certainly different in character from the 
beds already seen next the conglomerates. Further up the river, 
where the valley runs east, it coincides with the line of junction. 
Yet on the north side we pass successively from felsites to ashes 
and agglomerates ; on the other from the purple slates through the 
Menevian to the Llandeilo, The break here, again, is at the same 
place in the series. 

Of the northern boundary I know nothing ; it has always been 
marked as a fault. On the west, in the upper reaches of the Alan, 
near the farm of Trehenliw, we have, on one side, silvery ashes of 
peculiar character not seen elsewhere, on the other Cambrian slates ; 
again no regular sequence. On the coast the junction is first seen 
at Ogof Golchfa, where silky ashes associated with dark-coloured 
crystalline rocks strike at the conglomerate and are nearly parallel 
to the Cambrian slates, appearances which I interpret as due to a 
forked fault (fig. 3) ; but the locality will doubtless be more fully 
described by Dr. Hicks, who directed my attention to it. The con- 
glomerate here is of a different character compared with that on the 
eastern side, being well supplied with porcellanite as well as quartzite 
pebbles, and having a higUy schistose matrix, possibly derived from 
underlying silvery schists which have been destroyed. South of 
this spot the conglomerates nowhere reach the coast till near 
Ceistell, but are cut out by repetitions of the overlying purple 
beds, as indicated by Dr. Geikie’s map. The nature of the junction 
is not directly observable along this line ; but when the conglomerate 
is seen on the coast its strike and that of the overlying beds is about 
45° inland, or directly at a boss of lavas and ashes which is not 40 

* This account of what is seen there is, of course, at present assumed to be 
the true one. 
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yards distant. Here the junctioii looks like a faulted one, and the 
nearest beds to the conglomerate are not the silvery schists. These^ 
indeed, come on further south in an unconnected manner, and 


Fig, 3. — B<in of Ogof Oolchfa. 



occupy much of the coast till we come to the im])ortant section of 
Cam-ar-wig, where is a landing-place and crane. Here the follo^vi ng 
view is seen (fig. 4) : — On the east are vertical silvery schists with a 
north and south strike ; they form the boundary of a little inaccessible 
bay, which apparently contains a fault ; associated with which there 
is probably a mass of an amygdaloidal rock, of which numerous 
fragments lie about ; on the other or west side of the bay are great 
masses of felsite at the base, covered with evenly bedded ashes 
dipping JS'.N.E. at about 20°, and forming part of a mass which 
is almost agglomeratic in parts. This is followed to the west by 
smooth green hummocky ashes ; and the last two rocks are overlain 
quite unconformably by typical conglomerate dipping N. W. at 
about 45°, with large pebbles of quartzite at the base. Though 
there is no fault here, all the rocks being laid quite bare, no better 
proof could be desired, derived from one spot, of the perfect indepen- 
dence of the conglomerate and the volcanic series and in particular 
the silveiy^ schists. This is the end of the circumference, until we 
reach the eastern side again, and come to those interesting spots in 
which the granite plays an important part. 
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Fig. 4. — Tim of Carn-ar-wig from the north. 

E. w 

Schistose Stratified Conglome^' 

ash. ash. rate. 



lotennediate Agglomerate. Green ash. 

Felsite. 


Of these the rocky inlet of Ogof-Llesugn is doubtless the key; it 
has been brought forward as a crucial test of the true relations of 
the two series of rocks, and held to prore the idea of a Pre-Cambrian 
granite to be a delusion. This being the case, it ought to be 
described with care. I am at a loss how to characterize the de- 
scription that has actually been given of it without offence ; but I 
must at least say that the essential feature has been missed. A plan 
of the spot is presented below (fig. 5) : — On the west side of the inlet 
we have the granite mass, on the east side the nearly vertical beds 
of the Cambrian some way above the base, striking straight at the 
granite. In the angle between these is a projecting mass of con- 
glomerate, also apparently vertical and striking nearly at right 
angles to the other Cambrian bods, so far as can be ascertained, the 
stratification being obscure. This projecting mass is bounded on 
either side by a fault which has given rise to a cavern ; that on the 
east side, between the conglomerates and the slates, extends f mile 
inland, or to about the position of the Porthclais mill ; both are 
characterized by their fissure-like straight aspect, their slickensides, 
and the discordance of the adjacent beds. There is some bending 
round of the slates near the fault, as if to get into the same strike 
as the conglomerate, which contains some tuff-like masses, hut is 
unaltered from its usual appearance on this side. On the western 
side, where the granite is, the line of fault has been invaded by a 






discriminately, and borne them upwards. It is only, therefore, 
by chance that the granite and conglomerate ever come together, 
i. e. where the diabase has not intruded between them. There may 
be a foot or two of such a conjunction on the sides of the fissure ; 
but the greater part of this is bounded by the “diabase.’^ The 
masses on the foreshore are alisolutely not in contact with the granite 
at all, but surrounded by the “ diabase,” and altered by it to a 
much more solid rock. The granite and felsite are treated in the 
same way. It seems to me an interesting sjwt to com|)are the 
appearances of an intrusive and a faulted junction, since both are so 
jilainly shown and so clearly contrasted, that the truly faulted 
nature of the junction between the granite and the Cambrian cannot 
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be for a moment doubted. The clear exhibition of a do^ible fault 
is also instructive as affording the key to the obscurer sections at 
Porthclais. 

Of these, the one on the east of the stream shows no intrusion ; 
the granite is massive, the slates are massive ; but the foot or so 
between them is rotten and waterlogged ; the granite is undoubtedly 
over the slates in the slanting junction. On the opposite side of the 
stream the granite is in like manner over the conglomerate, but 
does not intrude into, or alter it. Both junctions are due to one 
overthrust fault along the continuation of the lino which was traced 
at Nun’s Chapel. In any case the conglomerate is out of place 
here, and there must be another, no doubt connected, fault to bring 
it there, as at Ogof Llesugn. In the next small section to the north, 
where the granite and slate approach, there is 3 feet between the 
solid rocks, occupied in part by decomposed slate and in part by 
decomposed granite ; here the latter underlies, and the fault is not 
reversed. On the other side of the granite tongue, where it touches 
the conglomerate again on the north, there is a complication of 
faults ; next to the solid granite comes a mass partly decomposed, 
next a mass of the quartz-felsite, and then, on the other side of about 
6 inches of broken material, the unaltered solid conglomerate. 
There is another junction on the opposite side of this conglomerate, 
where the granite comes on again ; but its nature is not seen. Thus 
the boundaries of the series of rocks in question have been examined 
at all the chief points in the whole circumference, and there is not 
a single spot where intrusion is suggested, much less shown, or 
where the volcanic ashes are bound in any way to the Cambrian 
conglomerate. 

But is there nothing in the idea of an isocline on the western 
side which should show that the conglomerate always follows the 
silvery schists or their equivalent ? I have rowed round the whole 
of the coast from Porthlisky to the Penmaen-Melyn, and have 
examined a largo portion of it on land, and have been enchanted 
with the glorious confusion of the volcanic masses there exhibited. 
Here are the evenly bedded massive agglomerates, here great 
hummocks of dark lava protruding into the sea, here columnar and 
spheroidal dykes, now unstratified agglomerates with beds thrown 
off on either side, and now nearly horizontal well-bedded purple 
ashes, overlain by a lava -like rock, but all without a sign of a 
regular fold, which, amongst such rocks, would be almost impossible 
to conceive. Nor is the similarity of the two rocks on the supposed 
opposite sides of the fold so great ; on the west they are uniformly 
silky and pink, on tho east, next the granite, they are of all kinds, 
including many very soft and variously coloured i but these bear 
only the faintest resemblance to anything on the eastern side of the 
granite at Caerbwdy, where only the topmost rod ashes are at all 
like them, while the lower ones which tend to become porcellanites, 
are quite peculiar in the St. David s district. 

Such are the proofs that the whole series below the Cambrian 
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conglomerate is qnite independent of it, and forms a massive which 
must be studied by itself. Further collateral proofs will be derived 
from the manner in which this massive holds together as a whole, 
not only in this immediate district but elsewhere. 

The existence of tuffs above the conglomerate appears to me 
quite a secondary matter in the question ; there might, or might 
not, be such tuffs without seriously affecting the independence of 
the lower series, as there are certainly tuffs on higher horizons. 
Nevertheless, neither the specimens collected, nor the sections said 
to show inosculation that have been indicated, nor the diagrams of 
the microscopic slides given in Dr. Geikie’s paper yield satisfactory 
proofs of identity in character between any beds above and any 
beds below the conglomerate. 

We have next to consider the more interesting question as to the 
true character of these rocks. Are they sedimentary or are they 
igneous ? On this subject I feel that any arguments of mine will 
have more weight with myself than with any one else ; but to me they 
are overwhelming in favour of the essentially igneous origin of the 
whole (including, of course, ashes and volcanic mud as igneous rocks). 
First, with regard to the rock considered to he granite by some, and a 
metamorphosed aqueous rock by others : I believe we are learning 
from an improved stratigraphy to be more cautious in regarding many 
rocks as the metamorphosed representatives of what we are also 
acquainted with in their unmetamorphosed state : hut whether mota- 
mor|)ho 8 ed or not, there is no reason why a primitive granitic rock 
should not be stratified in structure, even if not sedimentary, 
according to the ordinary sense, in origin. But such stratification 
is not to be proved by planes of division, which, however constant 
in direction, may well be joint planes, but by differences in mineral 
character along definite bands, either on a large or on a small scale. 
It is true that such bands of a partly calcareous nature have been 
indicated by Dr. Hicks at Porthlisky Point ; but these have not 
been brought prominently forward, as they should have been, if 
without any doubt they had the significance assigned to them ; and 
though unable to find such myself, I think it probable they are 
correctly explained by Dr. Geikie. But elsewhere I could trace 
no such bands. In the Brj'n-y-gam quarries there are varieties of 
texture ; but these do not run in bands, and the finer-grained masses 
have more the appearance of irregular veins. The micro8C‘0]>ic 
structure of both forms is nearly identical. In the coarser the quart z 
has crystallized before the felspar ; but in the finer the felspar has 
sometimes crystallized first; and sometimes the two have gone 
together, producing that micropegmatitic structure which Mr. Davies 
has noted in the rock from Porthlisky, and which is not uncommon 
in undoubtedly ipeous granites. In both, the third constituent is 
the same chloritic mineral, more frequently in radiating linos occu- 
pying narrow interstices, but occasionally in complete and inde- 
pendent ciy’stals. The structure of the rock at Porthclais is cssen- 
tipy the same. Here and there arc inosculations of the two 
minerals, and both are occasionally characterized bv abundance of 



TOLCAiaO OBOTTP OP BT. DAVId's. 


303 


acicular microliths. This latter feature becomes predominant in 
the rock of Ogof Llesugn, and is its chief distinction from that at 
Bryn-y-gam. These characters may point to differences in the 
circumstances of formation, but do not indicate any difference in 
material which should satisfactorily characterize a bedded rock. The 
essentially crystalline character of tho rock justifies us, under these 
circumstances, in considering it, if not a granite, at least a rock 
formed under similar circumstances, i. e, an essentially igneous rock, 
whose crystals have been formed from a fluid magma. The earlier 
crystallization of the quartz, indicated by the felspar occupying 
sinuous interstices, may be accounted for on well-known chemical 
principles by an excess of the silica in the magma. 

Next, we come to the felsitic rocks. The chief stratigraphical 
feature of these is the complete manner in which they surround the 
central mass, which, for convenience at least, we may designate, 
for the present, as granite. There are two principal varieties, 
which may be called the spotted felsite and the quartz-felsite, 
surrounding tho St. David’s granite ; but other forms occur in out- 
lying districts. Commencing at the city, these are found, as is well 
known, one in the Church-School quarry and the other in the Board- 
School quarry, or, rather, both in the first ; the}" are also associated 
in the field to the south, and again in the street ; near the cross 
there is the quartz-felsite, and further down the hill, to the west, by 
the Deanery, and on the road-side the spotted felsite, and, at Bock 
House, a more doubtful rock. The spotted felsite continues all 
along the southern side of the Alan from the bridge on the Tre- 
ginnis road, to the bend in the river, when it crosses to the now 
western side and lies between the ashes and the granite. At the 
quarry near Ilhoscribed, a piece of the quartz-felsite is let down 
between the granite and conglomerate, and fragments of the spotted, 
felsite strew the ground in the field above. The character of the 
rocks on the eastern side is not seen on the road to Caerfai ; but on 
the south side again we have the spotted felsite below Nun’s Chapel 
and also further west at Porthclais farm, where the fault cuts out 
everything between the granite and the slate. That the Porthlisky 
tongue is not surrounded by such felsite is accounted for by the 
fact of its being bounded by faults (as I have shown at Ogof 
Llesugn, and as I have observed at Porthlisky Bay, where also 
there is an intrusive dyke of diabase along the line of junction). 
These relations are difficult to explain on the theory of the felsites 
being metamorphosed stratified rocks having any definite strike, 
and are more naturally the result of their being the bounding rocks 
of the granite. Nowhere have I seen any evidence either of the 
granite intruding into them or of their intruding into the granite, 
though neither of these phenomena would surprise me ; but they 
intrude into the ashes below Nun’s Chapel. 

In intimate structure they are essentially igneous rocks, as has 
been practically admitted by all. Tho most interesting feature of 
the quartz-felsites is, that while the quartz centres are uniformly 
crystalline, and have therefore crystallized slowly, their boundaries 
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816 xnoro or loss rounded so as to obscut*© their regular crystallwe 
form, and they axe surrounded by a radiate spherulization, which 
has therefore formed rapidly ; the remainder is composed of inter- 
mediate-sized crystals, and has therefore crystallized more slowly. 
This would seem to suggest that the quartz centres were either 
derived from some preexisting rock, or formed under peculiar cir- 
cumstances in the magma before its extrusion as a lava, and that 
they have acted as starting-points for crystallization on the cooling 
of the mass ; but when their influence ceased, the rest became crys- 
talline more gradually. In the other form the porphyritic crystals 
are chiefly felspar, but they do not form centres, the spherulites 
being scattered in the ground-mass and smaller in size ; there is 
also quartz developed as a pseudomorph, as better seen in other 
rocks. Some of these are remarkable for the abundance of pyrites, 
and all contain minute green radiate crystals. A very distinct 
rock, however, bounds this group in the Church-School quarries, in 
which the ground-mass consists of a multitude of small quartz and 
felspar crystals arranged in an almost graphic manner, but with a 
few large porphyritic crystals and indications of a few spherulites. 
This would seem an indication of intrusive characUT. It is remark- 
able that a very similar rock (in which, however, the spherulites 
are more numerous and the minute ciy^stals forced into more regular 
situations) occurs as a dark-looking rock, resembling a basic lava, 
at Penmaen Melyn. Another mass of the same group, but flinty 
and compact in appearance, is found north of the Llanhowel rock. 
This shows none of the spicular crystals, but the ground-mass is 
minutely and irregularly crystalline, many individuals being recog- 
nizable as quartz, a considerable proportion of which may be of clastic 
origin ; and hero and there radiate ciy^stallization has taken place ; 
but besides this there are numerous Ycry round blebs of perfectly 
clear quartz, the origin of which is obscure. They seem to be pre- 
existing and not to have developed in the rock, but they are so 
round as to be quite unlike water-worn grains. The idea which 
suggests itself on a comparison of this with the masses nearer the 
central granite is, that the quartz grains which are there so large, 
and often retain their crystalline form, have here been subjected to 
more complete melting and have nearly disappeared, for they are 
very like what would bo produced by such a process. They would 
then be too feeble to set up much of the spherulitic structure, if 
such were originated by the quartz. In none of the rocks which are 
remote from the granite, so far as I have examined them, are any 
porphyritic crystals found. 

The felsitic mass which bounds the Solva valley, S.W. of Llan- 
howel, is more like the non-spherulitic portion at the Church-School 
quarry. It is composed of a network of fine crystals, of which those 
of quartz are irregular ; but the other mineral, possibly mica, is so 
finely divided into fibres that it gives gorgeous colours in polarized 
light. Some of this occupies the place of an old felspar crystal. 

On the ashy rocks nothing need be said in proof of their nature ; 
but their variety is astonishing. 
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In the nature then of the rocks which compose the Pre-Cambrian 
mass which has its centre at St. David^s, we have proof ot its 
igneous origin, and of the gradual lessening of the magnitude and 
clearness of the crystals as we approach the boundaries. The 
spherulitic and other structures are also only to bo met with in 
truly igneous rocks. This being the case, and the relations of the 
several members recalling those so well described by Prof. Judd in 
the Island of Mull, we are justified in seeing in this group the 
natural products of a volcanic area dissected for us by the hand of 
time. 

Put however strong may be the argument derived from this 
particular mass, its force is greatly strengthened by the study of 
two outlying areas, the one on the west and the other on the east, 
in both which the association of the rocks and their minute structure 
suggest, and are exjdi cable by, an igneous origin alone. 

That on the w^est is the remoter part of Eamsey Island, which 
from a geological point of view presents truly magnificent features. 
The finest section showing the relations of the rocks is seen on the 
south side of Perth Hayog, as in the accompanpng sketch (fig. 6). 


Fig. 6.— View in Forth Hayog, loohing South, 




ks 

e5 


V 

‘o 



o 


Ph . 



I* 



306 


REV. J. F. BLAKE ON THE 


of a small quantity of grapUte) which also runs in a kind of 
horizontal vein through the porphyry. This rock has a very 
resemblance to those portions of the folsitc below ^ un s Chapel 
which are destitute of spherulites. There is the same crystalline 
ground-mass, though the E/amsey rock is clearer and has less 
secondarj^ quartz, and the same abundance of pyrites and of vindi^. 
In the Porth-Hayog examples, however, there arc more of the* 
rounded quartz crystals, as in the Churcli-School quarry, and still 
larger crystals of felspar of either kind. There can be no doubt we 
are dealing with a rock of the same group. 

On the other side of the fissure, which is undoubtedly a line of 
fault, wo have vertical glassy -looking rocks with a well-marked 
banded structure. This I at first thought due to the ])ressare and 
dragging which were concerned in the faulting : but the microscopic 
structure rather contradicts this. Iimumerahle lines are scon under 
ordinary light running somewhat irrcgularlj" paraUel to each other ; 
but under crossed Nicols the minute crystals are often quite 
independent of these, though others which seem to be felspar 
have tbeir axis in the same direction. We must regard tins, then, 
as exhibiting a typical fluidal structure, with subsequent devitrih- 
cation. The truly crystalline character of the constituents, and 
their only partial dependence on the parallel lines forbids the idea 
of bedding. 

This rock is succeeded by a scries of agglomerates, ashes, and 
tuffs, finally bounded by a broken fault which has let down the 
fossiliferous Arenig rocks into their midst. The only ])oints of 
interest in this ashy scries are the intrusion into it of a tongue of 
true amygdaloid, in which nothing but narrow felspai’ crystals 
in an isotropic ground-mass is now seen (but the cavities and cracks 
are lined and sometimes even filled with secondary quartz), and 
the occurrence amongst the tuffs of a bed of black poperino. 

Such a group of rocks as this is as far removed im possible from a 
sedimentary scries, and is t37)ically volcanic. 

The north side of Porth Hayog forms the southern boundary of 
the mass which continues hence to Aber-Mawr and (ailniinates in 
two peaks called earns. All that is seen of this in forth Hayog 
consists of tho felspar por]>hyry, in parts rotted by trickling water 
into an arkose. The same material forms the bulk of the earns, 
which are likewise surrounded on the eastern side by a broad band 
of ashy rocks becoming in places a veritable breccia, but composed 
essentially of th(? materials of the felsites or poiphyries. In Dr. 
Hicks’s collection in the museum of the Geological Society is a si)eci- 
men with a fragment of the banded rock. On the eastern side, in 
limited areas which seem to contract towards the summits of the 
earns while expanding to form distinct headlands, are tho most inter- 
esting rocks in the whole district. The most southern is distinctly 
glassy in aspect, and shows even on the largo scale lines of flow 
which are occasionally contorted in the manner characteristic of 
semiliquid matter subjected to varying forces. Under the microscope 
with polarized light the glass is seen to be devitrified ; but with 
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ordinary light, the characteristic cracks of perlite arc perfectly 
visible. Of the character of this rock there cannot be the shadow of 
a doubt ; it is the oldest perlite known*. Towards the summit its 
glassy character is less marked, and a similar flow from the northern 
summit is also more dcvitrified in aspect ; but I have not examined it 
microscopically. 

In the hollow known as Pwll Hendro the scene is geologi- 
cally superb. Ou the reinoter southern side, accessible only to the 
thousand sea-birds who here And habitation, are massive columnar- 
join ted rocks of, ])robably, the porphyry ; but on the rugged 
precipitous slopes which lie on the north, the geologist scrambles 
over ap[)arently vertical ])ed.s of linely stratified rock. Each several 
band, tliough varying in compactness, consists of a series of sphe- 
rules of greater or less size, very clearly and ]>eautifully seen on the 
wcathercid surface ; the finer bands have almost the as])ect of a 
sandstone, but the strindure is the same. These rocks, too, are lost 
in a ])oint as they are traced np the hill, and I doubt whether 
they are stratified at all. I expected, indeed, to find that these 
spherules would show a radiate erystidlization : but in that 1 was 
disai)iJointed. The spherules consist of the same crystalline material 
as the remainder ; but the individual crystals are much larger and 
resist the weather better. Nevertheless, 1 think it may he a de- 
vitrified rliyolito, as no such structure, I bedieve, is known in mefca- 
morphic rocks, and it would bo difficult to account for if it were. 
There seem, however, to he fragments of crystals included in some 
])ortions of the mass hero developed, which 7’eiHle]*s its origin 
most perplexing. The iion-spherulitic rock is rather wide-spread, 
and is divided by a great vertical slice of conglomerate almost 
mado of it, and let in by faults. If this be the Cambrian con- 
glomerate, the rocks of u hich it is composed must be pre-Cam- 
brian ; find if of more recent date they may be so still. One other 
amongst several interesting patches of rock hero found must be 
noticed. It is brown in colour, and similar to rocks on the N.-E of 
Bt. David’s. This is the most basic rock I have seen iinassociated 
with the ashes. It is composed of large crystals of either kind of 
felspar with little, if any, interstitial matter ; (juartz is almost 
absent, hut there is no inconsiderable quantity of a highly polarizing 
acicular mincrjil, probably representing the magnesian constituent. 
This is most lilve the rock which near Whitchurch lies below the 
conglomerate, and is generally described as a felspar porphyry ; 
hut this latter contains far more of the highly polarizing ingredient, 
and even in some respects suggests the question whether it was 
not originally a tuff. 

In the whole of this series the only doubtful rock is the banded 
sphorulite of Pwll Hendro, the bands of which, by the way, run due 
E. and W., and not N. and S., as “ Arvonian” rocks are supposed to 
do ; but even this in no way removes the series from the essentially 
volcanic group, both in the lie and in the ultimate structure of the 
rocks. It must be admitted that as yet no sign of the granite has 
* Unless those described by Mr. Allport be of the saino asre. 
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been met with in association with the poqihyries, which can clearly 
be massive enough without it. Tlic character, therefore, of the 
granite stands, at present, on the St. Davids evidence alone. But 
in reality there is much more on the island to be seen yet. Mine 
was but a rapid and incomplete inspection. 

On the eastern side of St. David’s is another small area, almost 
a repetition of some parts of liamscy Island. It is situated south 
of Pointz Castle, at the M^est end of Newgtdc Bay. On the 
western side it is brought against Cambrian slates by a fault, and 
there resembles somewhat the porphyry of Poilh Hayog ; but 1 have 
not examined it microscopically. Here also, in inaccessible spots, 
very good evidence of apparent bedding is visible : but it is on the 
eastern side that the most instructive develo])nicnt and section arc 
seen. There we sec great crags of bunded felsiie, looking, at a 
distance, like gneiss with the bands vertical. Tliis, in structure, is 
quite comparable to the Pwll Hondro rock, and is e(]ually enigmatical. 
On the shore, however, we have a second Ogof Llesiign, which has 
met apparently with a second misinterjuctatinu. There is a deep 
cave sloping to the north, the upper face of which is Canihriaii brown 
sandstone, the conglomerate not a|)poaring here ; the under face is the 
banded felsito; the line of jiiiictiou is a fault extremely ImMciatwl ; 
but no hardening has taken jdace, for there is no dyke I'lie mass 
to the south is very much bedded, but with no n'gularity. some lieing 
vertical, other parts in a synclinal : then again is amdiuT eave-pro- 
ducing fault, on the south of which the rocks are of an asliv clniracter. 
This is an admirable contirmation of pi'cvious (‘X])erit‘nces. Accord- 
ing to Dr. Hicks, it forms ])art of a massive, of similar constitution, 
which stretches away from Boche Castle to Irefgarn. It was 
inevitable, therefore, to visit the Kocho-Castle rock. I came away 
with the impression that it had nothing in common witli the series 
under examination ; and if pre-Cambrian in age, this must beprovt'd 
independently; and the same must be said of tin* Bra wdy granite, 
which, to my eye, has little resemblance to that of St. David's. "I'he 
Itoche-Castle rock, however. Wias .so peciiliai’ in aj)jK*ar»ance and 
so tough that 1 have examiued it microseojhcfdly, and llius am 
confirmed as to its distinct character. It seems to have been 
originally a kind of andesite, as it consisted of largo felsj){ir crystals 
in an abundant ground-ma.sfi. Aow, however, only the forms of ihc; 
cr 58 tals are to he seen in ordinary light, while wuth crossed Nicols 
the boundaries Ijccouk*- rathci* obscure, because the original felspar 
has all been replaced ])y (juarlz, whicli first lined the em])ty cavity 
with hexagonal pyramids and then tilled the rest with irregular 
crystallization. The quail z-f tiling is thus exactly similar to that of 
the St. David’s rocks, though here iu excess ; hut this is a subsecjuont 
alteration affecting alike rocks of very different character and possibly 
of very different 'age. 

Such is the evidence on which I depend in support of the view' of 
the essentially igneous character of the whole series. They hero 
seem united into a connected whole, and such I believe them to bo ; 
a belief rendered more probable and, indeed, induced bv the known 



VOLCANIC GEOUP OF ST. DAVID’s. 


309 


association of similar rocks in other volcanic areas of more recent 
origin. It is remarkable also that in the areas elsewhere proved 
pre-Cambrian, the same association of rocks occurs, though the patch 
may be relatively small. Thus in the Wrekin, associated with the 
perlite, Mr. Allport describes both ashes and spherulites, but no gra- 
nitic rocks ; while in Anglesey and Caernarvonshire all three forms, 
according to Dr. Hicks, are associated in no less than three areas. 
Considering the small size of these exposures, the constant association 
is remarkable, and in itself suggests a connexion, especially as, though 
the two upper parts may stand alone, the basal part never seems to 
do so. 

Two general observations are suggested by these results, one with 
regard to the composition, the other with regard to the distribution 
of these volcanic rocks. 

A marked feature in the composition is the highly acid character. In 
the central granitic mass this is shown by the abundance of quartz and 
the almost entire absence of any ferrous or magnesian constituent. 
In the felsitcs or porphyries it likewise appears in the abundance of 
original quartz and the small quantities of any magnesian mineral, 
pyroxene not being certainly present even in the intermediate rocks. 
That there are basic rocks amongst the ashes in the form of lavas 
has been proved ; but even in this portion the peculiar feature is the 
abundance of i)oreollanite and other highly acid tuffs. But whatever 
the original nature of the supragranitic rocks, it is certain they have 
undergone great change in the way of addition of sdica. This, we 
have seen, has been deposited in cavities of former crystals, in inter- 
stices and in cracks, a plxenomenon reaching its maximum develop- 
ment in the porcellanitcs and the Roche-Oastle rock. Whence is 
this silica derived, and when was it introduced ? Whatever we may 
answer to this, it must bo reckoned with in considering the signifi- 
cance of analyses. It would seem, however, that the rocks of St. 
David’s were at the commencement iicarlv as acid as now, since the 
relics of decomposition are not grains of iron-oxide, which, as a 
rule, are very rare, but kaolin, which is abundantly distributed in 
every slide : hence the original minerals were mostly felspathic. 

In regard to the distribution, we note first the linear arrangement 
of the centres : an east-and-west lino through the central mass of 
St. David’s cuts through llamsey Island on the one side and the 
mass at Pointz Castle on the other, and nearly cuts what I think is 
probably another centre north of Solva ; this is in accordance mth 
the modern arrangement of volcanic outbursts. But if these be 
truly centres, how insignificjxnt they are ! Elsewhere the centres of 
like age would seem to be equally small, and hence their confusion 
with simple intrusive rocks of subterranean origin. 

As we pass up the geological scries, the magnitude of volcanic 
centres, as found in Silurian, Carboniferous or Permian, and Miocene 
times, seems to increase till we reach the magnificent volcanoes of 
to-day, which have mostly not more than a Tertiary origin. But 
while the magnitude has increased, the concentration has pari passu 
progressed ; and instead of the numerous Palmozoic centres, and still 
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more Boattered ArohsBan foci, we have the few volcanic areas which 
now mark the globe, whose limits appear to have forsaken for ever 
the British Isles. 

This is what we might ex]>ect if the sedimentary deposits form a 
damper to the heat within. In the early stages of the earth’s history 
but a slight concentration of explosive force would suffice to break 
through the external coat and pour the contents of the interior on 
the surface, where they would be degraded by the atmosphere and 
increase the thickncss'of the coat. As tliis tliickcning ])rogrossed, it 
would require a greater force to break througli, and ])oints or lines 
of weakness would bo more remote from each other : thus the violence, 
the infrequency, and the circumscri})tion of \’olcanio outbursts would 
increase together, though the total sum of the forceps in action miglit 
at the same time decrease. 

One other general question is suggested. The al)senoe of ordinary 
sediments of Archaean date in these A\ clsh arenas is as remarkable as 
the rarity of volcanic rocks in th(‘ Highland gneiss. 

Is this duo to a difference in age? or do wo see in the one the 
area occupied by land, in the other that occu]»i(‘(l l)y tin' sea in that 
remote, long-extended, but at present little-stndied e[)oeb ? 


Discussion, 

Mr. Toplev called attention to the discrepancy betn'oen the views 
of Prof. Blake and Dr. Hicks as to the coiisocutiveiiess or tlie se}>ara- 
bilit}^ of the series below the Camhriari conglomerate : also to the 
dift’erence between their views as to Ogof Llcsugn, and as to the 
character of the Dimetian of Dr. Hicks. 

Dr. Hicks said that diversity of opinion among progressive uniters 
did not prove that the stationary i)arty was correct. He appreciated 
the value of Prof. Blake’s paper as regards the slratigraidiy, though 
he could not accept his views as regarded some points in the ])etrology. 
Prof. Blake entirely agreed with liim that the rocks he had classed 
as Dimetian, Arvonian, and Pebidiaii at )St. David’s were of Pre- 
Cambrian Age, and also as to the separation of the Pro-Cambrian 
series from the Cambrian conglomerate. Prof. Blake, lie thought, 
had not succeeded in proving the connexion between the granitoid 
(Dimetian) and the overlying volcanic series. He observed also that 
Prof. Blake’s map was wrong in that it omitted the Clegyr-Bridgo 
breccias and others near Nun’s Well. Ho pointed out that Prof. 
Blake was distinctly opposed to the principal tenets of Dr. Geikie, 
including the evidence of intrusion of the granitoid series and the 
great fold of the volcanic series, 

Mr. T. Davies said that the Dimetian differed minoralogically 
from typical granites; the quartz and felspar constituents had very 
different relations from what they had in ordinary granites. Also 
the behaviour of the rock under the hammer was different. 

Mr. P. Dbew said that Dr. Hicks had not taken up in detail the 
differences between his views and those of Prof. Blake, to which 
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Mr. Topley had called attention. He asked Prof. Blake to explain 
how the ashy beds could form one series with the granites. 

Mr. Hudleston said that the difference of the Dimetian from 
granite might be from subsequent alteration, as the Eocho-Castle 
rock had been altered. What was wanted was proof of a passage 
from the Dimetian to the quartz-fclsitos. 

Prof. Bonnet said that he should confine his remarks mainly to 
the petrology, for as regards the stratigraphy it did not appear 
to him that Mr. Toplcy’s criticisms were serious. It appeared to 
him not to be so simple a matter as Prof. Blake supposed, to say 
whether the Dimetian was granite or not ; certainly it differed 
from all typical granites, and the difierence could not be explained 
as Mr. Hudleston suggested. We could not, in questions of this 
kind, where felsites distinctly broke through granitoid rocks which 
were in some cases certainly of metamorphic origin, leave other 
Archaean areas out of consideration, and he certainly thought that, 
whether granite or not, the Dimetian was much older than the 
felsites and ashes. 

Prof. Blake said that the Dimetian differed much from Hebridean 
gneiss. He replied to Dr. Hicks’s criticisms of his map that they 
would not affect his views. There might have been intervals be- 
tween the members of this Pre-Cambrian group, as he could not 
absolutely prove the 2)assage of one into the other, but still he 
thought it simpler to regard them as one group. He thought 
that the unconformity, whether it were above volcanic rocks or not, 
was important. 
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22. On a Recent Exposure of the Shelly Patches in the Botjlder- 
CLAY at Bridlington Quay. By G. W. LAirPLiroH, Esq. With 
Notes on the Eossils hj/ Dr. J. Gwyn Jeffreys, E.R.S., F.G.S,, 
E. T. Newton, Esq., E.G.S., and Dr. H. W. Ckosskey, i.G.S. 
(Read February 20, 1884.) 

(Communicated by Dr. J. G-wyn Jeffreys, F.R.S., F.G.S.) 

[Plate XV.] 

The arctic MoUuscan fauna obtained from Bridlinj^t-ori many 5 'oars 
ago attracted the attention of many obserNXTs, and yieldt'd results 
of great interest. But though the fauna was ctirefully studied, the 
deposit from which it came was comparatively neglected ; and as 
that part of the cliiF from which the shells were first obtained was 
built over, in raising sea-walls for the j)rofectiou of the towji. soon 
after the bed was discovered, much n)isconcei)tii)ii has arisen as to 
the nature and ])Osition of the deposit. And, th(‘ bed being inacces- 
sible to. the later workers who established the ])resent system of 
divisions in our ITorkshire drifts, it came to be described as a seam 
or bed of slielhj mnd in place ^ in the Parplv Boulder-clay*. 

Two 3 ’ears ago, however, I was able to showt tlial neither those 
shells nor those similarly found at Dimlington, near 8i)urn Point, 
had been obtained from beds in place, but from masses of sand and 
clay occurring as boulders in the Basement Boulder-clay. This I 
endeavoured to prove, not only by ovidenco collected during the 
building of a new sea-wall at Bridlington, but also by^ reference to 
the accounts of the beds themselves, given by their early investi-' 
gators. 

But as there is still a tendency + to hold that the Bridlington 
shells occurred in place, I am glad to be able to bring forward 
further evidence bearing on this point, and at the same time to 
add materially to our knowledge of the fauna of the deposit. 

During the early part of the winter of 1882-83 long-continued 
on-shore gales so far lowered the level of the beach opposite the 
town of Bridlington Quay, that the shore-deposit of sand and 
shingle was removed in many places, and the Boulder-clay below 
it well exposed on the foreshore, a circumstance of rare occurrence 
of late years, since groynes have been raised across the shore at 
right angles to the cliff to prevent such excessive beach-scour. 

The largest of these exposures was nearly opposite the place where 
the shells were first found in the cliff, and I have not before had 
an opportunity of examining this part of the beach. 

In this exposure, of which I give a ground-plan on p. 313, the 
shore-deposit of sand and shingle was, at one time or another, removed 

* Wood and Rome, ‘Quart. Journ. Geol. Soc.’ vol. xxiv. p. 149; Lyell’s 
‘ Student’s Elements,’ 2nd ed. p. 169. 

t “ On the Bridlington and Dimlington Glacial Shell-beds,” in Gool. Mag. 
vol. viii. p. 535, Dec. 1881. 

t Mr. S. V. Wood in Quart. Journ. Geol. Soc. vol. xxxviii. p. 683, and letter 

H/rnr. O 1 OQO 
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Sketch-plan of Fore-shore at Bridlington, showing “ Basement" BouMer-elay with included masses of Sand and Clay. 

January 1883. (Scale, 78 feet to 1 inch.) 
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from a strip of beach about 120 yards long by 30 wide, stretching 
from the base of the sea defences, near high-water mark, to a little 
below the level of half-tide. 

The beds exposed formed part of the lowest recognized division 
in the glacial series of Yorkshire, that to which the term Basement 
Boulder-clay has been applied Though the sea defences already 
alluded to completely mask the cliff immediately abutting, there is, 
at the time of writing, a wide breach in the terniced wall just north 
of the groyne, as shown on the ground-plan ; and here the Jiasement- 
clay is seen to rise to a height of 13 feet above the level of the 
beach, sinking gently northward. And as there is no reason to infer 
a sudden change in its level, we may estimate the plane exposed on 
the shore to be at an average depth of about 20 feet from the top 
of the clay. 

In the section just mentioned, the Basement Bonldcr-clay is over- 
lain by the Purple Bonlder-clay, with the occasional inten'ention of 
a little sand or gravel. The Laminated Clay, wliicli is so wndl de- 
veloped between them both noith and south of the town, is here 
absent. 

The Boulder-clay in the exposure on the beach was of a dark 
greenish-blue colour, and generally hard and sand}- in texture. It 
contained a few angular and subangular boulders, none very large 
in size, and many smaller pebbles, generally well rounder! anil some- 
times scratched. These included an immense variety of rocks of 
various ages, igneous and metainorphic rocks being especially abun- 
dant. I made a collection of them, hoping that at some future time 
their identification might be possible. Fragments and occasional 
valves of marine shells occurred in plenty in the clay. 

The Boulder-clay also included in it many crushed masses of saud, 
and sandy gravel and clay, these forming, indeed, a large proj)ortion, 
nearly one third, of its bulk. These masses, which generally con- 
tained marine remains, were of all sizes and shapes, some, as seen 
on the beach in horizontal section, appearing more or less round and 
coherent, others occurring as long, thin, sometimes intermittent, 
streaks between slabs of Boulder-clay, with every form between 
these extremes. In like manner the lithological character of the 
masses varied ; some consisted of clay alone— blue, brown, or leaden- 
hued ; others of clay with the admixture of sand ; others of gravel 
and sand with little clay. One of the largest of the masses, that 
marked B on the plan, consisted in part of roughish gravel, the 
larger pebbles being about the size of a small orange ; these were 
thoroughly water- worn and rounded, and I found amongst them 
the following rocks: — black flint, sometimes with green coating; 
red flint; nodules, some apparently Neocomian, others probably 
Liassic ; yellow claystone ; several varieties of basalt ; brown quart- 
zite ; dark volcanic ash, and other igneous rocks unknown to me. 

* For cliff-flections and general account of glacial and postglacial beds in 
me neighbourhood, see my papers on “Glacial Sectionfl near Bridlington” in 

roceedingg of the Yorkshire Geological and Polytechnic Society,’ vol. vii, 
pt. IV. p. 38d (1881) ; vol. viii. pt. i. p. 27 (1882), and pt. ii. p. 240 (1883). 
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The fauna of the masses also varied greatly. Some contained 
many shells throughout ; others very few, occasionally none ; others 
had shells in one part, but not in another; and one mass, that 
marked C on the plan, seemed to be of freshwater origin, as it con- 
sisted of very fine unctuous slaty-blue clay without stones or shells, 
through which ran a thin seam of peaty matter, in which traces of 
moss, wood, and the seeds of Potamogeton were detected. 

Further, when marine shells occurred, though a few forms such 
as Astarte borealis, Astarte compressa, and Sa.vicava rugosa were 
rarely absent, the greater number of species were either limited to 
certain masses, or occurred identifully in one place and sparingly 
elsewhere ; so that there was general^ a well-marked difference 
between the fauna of adjacent masses. 

Most of the clay-patches showed a curious admixture of dark 
green sand, containing Foraminifera. This was usually diffused 
through the fine clay in thin and irregular beady streaks, as though 
thoroughly kneaded in ; but here and there, cspeciall}" in the mass 
marked 11 on the plan, isolated i)atches of this sand occurred amidst 
the clay ; boulders involved in a boulder. Wherever this sand was 
abundant shells were plentiful, and in these patches they were also 
best preserved. 

The sand itself contained many small black pebbles ; waterworn 
coprolitic-looking fragments of bone and fishes’ teeth ; and coarse 
subangular grains of ejuartz. It is not, in my oinnion, such as 
would form from the waste of any of our Yorkshire rocks. 

Although shells were plentiful in the masses, the great majority 
were so crushed and brokhn, and the fragments so scattered, that 
the ordinary method of collecting yielded extreme!}' meagre results. 
Fut my friend, Mr. AV. F. Headley, of this town, by removing a 
large quantity of the material and carefully washing, sifting, and 
examining it, obtained a very large and interesting collection, not 
only of molluscan, but also of fish and other marine remains. This 
collection he has very considerately placed at my disposal in working 
up the subject, and, by the help of the gentlemen elsewhere named, 
who kindly undertook the determination of the species, the lists 
which form appendices to this paper have been drawn up. From 
these it will be seen that Mr. Headley’s work has resulted in large 
and important additions to our knowledge of the fauna of the deposit, 
the number of known species of Mollusca alone being raised from 
67 to 83, five of the additions being new to science : and the lists 
of fish and other fossils are almost now. There still remain a few 
fragmentary corals, Echinoderms, and Polyzoa which have not been 
determined. 

Special interest attaches to the state of preservation and mode 
of occurrence of the shells, as it is their condition which has caused 
the deposit to be described, and still occasionally considered, as a 
bed in place*. As I have just mentioned, the great majority of 
the shells wore crushed into fragments, and these generally some- 

* Mr. S. V. Wood in Quart. Journ. Geol. Soc. vol. xxxvi. p. 516, and letter 
sup. cit. 
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what scattered, as if through the shearing of the whole mass after 
the shells were broken ; so that they often occurred as a little streak 
of angular fragments in the day. But even where the crushing 
had been most severe, absolutely uninjured specimens might occa- 
sionally be obtained. For instance, I have myself dug out a single 
specimen of Asiarte compressa, with valves united and in perfect 
preservation, from a mass of blue clay of limited area, in which I 
was unable by the closest search to find another unbroken valve. 
In a similar manner, at Dimlington 1 found one perfect specimen of 
Tellina halthka in a small pocket of sand no larger than a man’s 
head, in which I could not discover another shell, broken or unbroken. 
And I once found in the Basement Boulder-clay itself, on the South 
Sands at Bridlington, what we may regard as a slic‘ll-patch reduced 
to its lowest dimensions, a complete specimen of the same Tellina 
(single valves arc not rare), with valves closed and filh‘d in with 
sand, but with no trace of sandy matrix outside tlie shell. 

Though, personally, I only obtained unbroken a few of tlie stronger 
bivalves, such as one or two species of Astarti, Mjia trumata^ Pholas 
crispata, Saxicava riu/osa^ and other species, the thorough and com- 
plete mode of research adopted by Mr. Headley hiought to light 
magnificent examples of such shells as y^jcula CohboUli<r\ Tellina 
calcaria, and several species of Leda^ as well as a very large number 
of the smaller shells, especially univalves, which have (‘scapi'd injury 
far oftener than the larger individuals. 

The mode of occurreneo of Tliolas erkpata is worthy of special 
remark. This shell is chiefiy found in the centre of a blunt cylinder 
of hardened sand, which forms a faithful cast of tlie lower part of 
its boring. This cast often includes other shells, and is. of course, a 
sample of the sea-bottoin on which the mollusk lived, 'i'lie sand, 
though lighter in colour, has the same general ajipearanee as that 
which is so generally diffused through the clav masses. In similar 
casts hich I obtained from the beds at Dimlington, tliirty-lwo miles 
further south, the matrix closely resembles that of t-h(‘ Bridlington 
specimens, a fact of great importance in considering th(f ori'dn of 
the deposit. ” 

1 think, from the sharp and delicate nature of most of these casts, 
that the boring must have been made in stiff eJay. The mollusk 
probably burrowed down from the sandy floor on wliich it lived into 
beds of the fine blue clay which now forms the chief part of the 
masses, and the ice has ploughed through the sandy sea-bottom 
into these clays, kneading both together and removing them in 
mass. 

Having now stated the chief facts respecting the deposit which 
came under my observation, 1 will briefiy indicate what seems to 
me to he their bearing on the question of its origin. 

That the beds are not in place will, I think, be clear to most. 
But if ^ any still deem the evidence insufficient, 1 would refer to my 
letter in the ‘ Geological Magazine ’ for August 1882, where the case 
18 discussed. 

The question arises, — Of what age are the beds ; since if they be 
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transported masses they may, like the rest of the boulders, be of 
any, or all ages. I think, however, there is sufficient evidence to 
show that this is not so, and that all the masses containing marine 
remains (at any rate all that have yet been examined) must be, 
at least roughly, contemporaneous. For, if the beds were of dif- 
ferent ages, or derived from widely separated localities, we might 
expect to find clear and ready proof of this in the fauna ; whereas, 
although the species present vary considerably in the different 
masses, the general facies is in every case distinctly the same and 
always arctic. Nor, with the exception of the doubtful Bissoce, 
respecting which see notes appended to the list in the Appendix A, 
are any species found save such as might form part of the same life- 
group, though there is some discrepancy in the depths at which some 
of the shells now live. 

There is also the evidence of the matrix of the shells. I regard the 
fine tough blue clay as having been a true glacial mud, de[)osited on a 
sea-bottom, and the green sand, with its contained pebbles, as having 
originated cither in the dispersion and disintegration of morainic 
material or in the destruction of preexisting glacial beds. The ex- 
istence at the time of a sea-bottom strewn with travelled boulders 
is shown by the occurrence in the ilascment-clay of numerous blocks 
of various kinds of rock bored by Sa.vicava, Pholcis^ or Cliona^ the 
borings in the former of these cases sometimes still containing the 
shells and Foraminiferous sand. I also think, from the well- 
rounded and water-worn aj)pearance of most of the smaller boulders 
and pebbles in the llasement-clay, that most of these have suffered 
aqueous erosion at some p'oriod of their history after their detach- 
ment from their parent rock and before their incorporation in the 
clay, and that they are the relics of an old shore-line. 

On these grounds 1 conclude that, though the beds are not in 
place, they have for the greater part had a common origin, and are 
all of one age, which the fauna shows to be glacial. 

It remains to be considered whetlier tliis point of origin has 
been near the place where they are now formed, or at some un- 
known distance, — that is, whether the masses are the remnants of 
beds which once existed on this spot, ploughed uj) and destroyed by 
the ]iassage of ice over them : or whether they may have been far 
transported and here abandoned by the ice in its ])rogress. 

The evidence, though strongly leaning towards the Intter of thc^se 
views, 1 regard as still inconclusive. For as we nowhere see tar down 
into the llasement-clay, and have no knowledge of what takes 
place below the shelly masses (that it is the Basement ” bed at all 
being a surmise), by no means are we able to satisfy the suspicion 
that actual beds in place may occur lower in the section ; the pre- 
sence of the supposed freshwater patch, which at first seems to negative 
this idea, could be explained by supposing the existence of a series 
of early glacial marine and freshwater beds like those in Norfolk. 

On the other hand, in strong support of the view that the masses 
may be far-travelled, is the fact that masses of Secondary beds, 
which must have been carried for long distances, and also of chalky 
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and other gravels, are not uncommon in the Basement-clay one, 
a patch of Lower-lias shale observed by Phillips, occurring on the 
beach within fifty yards of the exposure I have been describing. 

The great similarity between the general aspect of the masses in 
localities so far apart as Bridlington and Dimlington ; their ever- 
varying lithologicd character ; their composition (which renders it 
improbable that they have been formed from the waste of rocks in 
the neighbourhood) ; the composition of the Boulder-clay in which 
they are enclosed, which is strikingly unlocal, its very liints being 
such as do not occur in Yorkshire Chalk : the marine dt^ms so 
plentifully dispersed in the Boulder-clay ; all bear in the same 
direction and point to the probabilih' of the masses having per- 
formed no insignificant journey. 

Whence came they ? Certainly, I should say, from seaward ; 
probably, judging from their pebbles and Ijoulders, from the north- 
east. 


Beyond this, having only a limited and local knowledge of glacial 
geology, I have no right to express an ojuiiion ; Init I may nminrk 
that to me there seems no r(‘ason why portions of a sea-]>ottom 
caught up into the base of an advancing glacier should not be carried 
by detached bergs till stranded on opposite* and far-distant shores, 
and that the position and condition of Iloldcrness prior to the* de- 
position of the drifts, a shallow wide-moiithed V)ay, w(*ll slielt creel 
by the curving Chalk ^Volds, might well lavour the drifting and 
stranding of such bergs. 

Enough has ])oen said to show that the mere jerese nee of these 
arctic shells at Bridlington is not, under the circuuistanees, in itself 
necessarily a ])roof that the shells onec lived tliero, or that eon- 
ditions necessary to their growtli existed on the spot at llu* time of 
their deposition. 

Having drawn attention to the deposit, 1 trust that some, future 
worker with greater leisure will devote his .attention to the subject • 
for the masses wiU, I feel assured, ami)ly repay the time spent in 
examining them, especially at Dimlington, where the conditions are 
far more favourable for their study than at Bridlington ; and 1 only 
regret that the distance of that place from Uridlington makes it 
practically inaccessible to me. 


Ihere now only remains to mo the ])leasant duly of thanking the 
gentlemen by whose aid alone it has been posHil)l (3 for mcj to take 
advantage of so rare and favourable an ojiiKirtunity ol‘ investigating 
the character of this inferesting deposit. My thaidvs are esi)eciaUy 
due to Dr. Gwyn Jeffreys, E.11.8., for the kind assistance ho has 
gnven lae m examining and determining th(; voiy’ largo number of 
slicUs whmhi have from time to time sent him; to Dr. Crosskey 
lor 80 willingly undertaking the examination of the microscopic 
ossi 8 of the deposit; to Mr. E. T. Newton for his kind determina- 
tions of arid notes on the fish-r(‘mains, and to Mr. W. B. Headley 
wit lou whose laborious work in collecting, this paper would liave 
been unnecessary and valueless. 

See my letter in Geol. Mag. Aug. 18S2 for account oi' these. 
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APPENDIX A. 

By Dr. Gwnr Jbffeets. 

lAst of Shells obtained from the Basement'*'' Clay at BridlingtonQaay, 

Observation . — The species which are not included in the list of 
Bridlington Post-Tertiary shells furnished by me to the late Professor 
Phillips, and published in the third edition of his ‘ Geology of York- 
shire,’ p. 274, and which are therefore for the first time recorded, 
are marked with an asterisk. Among these are five species new to 
science, which will be now described and figured. 

In the column after the names of species the letter A. signifies 
Arctic, Am. American, L. littoral or shallow water (?'. e. under 100 
fathoms), D. deep sea (over 100 fathoms), and sp. n. new species. 

BrACHIOPODA. StJLENOrONOIIIA. 

EhynclioiJclLi paitUicea, Chem- Penbiiiuiii entalis, L A. L. 

nitz A. L. striolutum, ... A. L. 

CoNciiiFERA. Gastropoda. 

Anomia ophippium, Liunc, Pinicturclla nouchina. Z>. ... A. L. 

and vai’s. aculoata and Trochus varicosus, MigheU 

squamula A. L. Admns A. L. 

Pectcn islaiidicus, Muller . ... A. L. cinereus. Coufhmi.y A. L. 

* pea-lutnp, L A. L. *Troclius grcKnilandicus, CA... A. L. 

* opercularis, L A. * ciiierarius, L A L. 

My tilus cdidis, L A. L. • * zizyplunus, L A. L. 

*Orenellu dccussata, . A. L. , *Lacuna div aricata, A. L. 

Ledaminiita, A. L. | ■*LitLorina obtiisata,7v.,andvar. A. L. 

* tenuis, Philippi A. L. j ^ globosa, JrJFr sp. n. 

* lenlicula, A. L. 1 rudis, Mdfou A. L. 

limatvila, Say A. L. ' litorea, L A. L. 

* inti^rmedia, J/. *SVr.s. ... A. L. *K.issoa costata, L. 

NuculaOobboldiai, Aiu. L. * Wyville-Tlioiu.soni,e7^^r. A. I). 

* nucleus, L A. L. * .subperlbrata, Jejl'r sp. n. 

Pectuiiculu.s glycymeris, Z. A. L. * parva,i>ff C'csto, and var. 

*MontacutaDawsoiii, A. L. iiiterrupta A. L. 

’’^Axiiiopsis orbiculata, 6^. 0,/SbAsA. L. | * striabi, A. L. 

*Cardiiun groeiilandicum, Ch. A. L. * seiiiistriata, Mont L. 

ialandicum, Z A. L. j Turrilella erosa, ZurZA... A. Am. L. 

Cardita borealis, . . L. A.Am. *Scalaria groeTilandicii, Ch.... A. L. 

Cypriria islandica, Z A. L. ^ *Odostonnn conspicua, Alder . L. 

Asiartc sulcata, Da Costa, Natica aflluis, G'/neZiM ... A. L. 

and var. elliptica A. L. groeiilamlica, Beck ... A. L. 

borealis, Ch., and vars. A. L. ! islandica, Gm A. L. 

coTuiiressa, Mont A. L. | *Amaura sulcosa, Lcche A. L. 

*Veuus ovata. Pennant A. L. ! *Menestho albula, Fahr A. L. 

Tcllina baltJiica, Z A. L. | *Tricliotropis borealis, Brode- 

calcaria, Ch A. L. | rip Svwerby A. L. 

piisilla, Philippi A. L. | Purpura lapillus, Z A. L. 

Mactra solida, Z A. L. i Buccinum undatum, Z A. L. 

*Solen onsis, L A, L. i * groenlandicum, Ch. ... A. L. 

Corbula gibba, Olivi A. L. ' Trophon clathratus, Z., and 

* pusilla, Philippi A. L. I vars. Gunneri and truncata A. 1^. 

Mya truncata, L., and var. ! Fusus despectus, Z A. L. 

uddevallensis A. L. | curtus, Jeffr Am. L. 

Saxicava norvegica, Spcngler A. L. j *Fusu8 Jvroyeri, Moll A. L. 

rugosa, Z A. L. j Aduiete viridula, Fahr A. L. 

Pbolas crispata, Z A. L. j Pleurotoma turricula, Mont, A. L. 
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Q-abteopoda continued. 

^Pleurotoma exarata, Moll.... A. L. 

* decussata, Couth.,... A. Am.L, 

* simplex, Midtlcndorff... A. L. 

* multistriata, J(Jfr sp. n. 

* bicariiiata, Couth., and 

var. violacea A. Am.L. 


Pleurotoma ele^ns, Moll.,.. A. L. 
^Cylichna alba, Brown • A. L. 

* sculpta, Leche A. L. 

*ITtriculus obtuBus, Mont., var. 

pertenuis A. L. 

* constrictus, Jejf'r sp. n, 

*Bulla crebristriata, Jeffr sp. n. 


The total number of species in the above list is 83, of which 73 
are Arctic, 2 are American, 1 only is deep-water, 5 are new to 
science, and 3 require conhrmation as to their being fossil or recent. 
With respect to Rissoa costata and R. semistriota^ which belong to 
temperate and southern parts of the North Atlantic, I am not 
satisfied that they really belong to the glacial l)cd or deposit above 
described. Mr. Lamplugh also gives Thracia imheseens from similar 
beds at Dimlington ; if correctly identified, this species is not known 
as living anywhere north of the south of England. 


New Species. 

1. Littorina? glorosa Jeftreys. PL XV. fig. 1. 

Shell globosely conical, thick, opaque, and rather glossy : scAilpture 
none : colour yellowish brown, whitish about the pillar : spire short, 
compressed at the apex or point : whorls 4, convex, the last dispro- 
portionately largo : suture slight : mouth roundish, contracted above 
and curved below : outer lip hemispherical, with a sharp edge : 
inner lip filmy : pillar broad and thickened at the base ; behind it 
is a small and narrow umbilical chink. 

Length 0*1 in. Breadth O'l in. 

About half a dozen specimens occurred, but all more or less im- 
perfect. In this condition it is impossible to determine whether the 
shell belongs tx) Littorina or to TrocJnis. If to the former, a littoral 
habitat must be inferred ; if to the latter, a shallow-water or deep- 
sea habitat raiglit have been the case. The characters of the shell 
induce me to place it provisionally in TJtforma. 

2. Eissoa BijjmERFORATA t, Jeffreys. PL XV. fig. 2. 

Shell pyramidal, rather thick, semitransparent, lustreless in its 
eomifossil state : sculpture., numerous longitudinal fine and cuiTcd 
ribs : there are about 25 on the last whorl, which are not continued 
below the perijAery ; the labial rib is very thick ; all these ribs are 
crossed by more numerous and close-set spiral strim, but not so as 
to produce a decussated or reticulated appearance, because the ribs 
are stronger and more prominent than the striae ; the base is en- 
circled by half a dozen of these strim, the lowermost of all forming 
a strong ridge which encloses the basal groove afterwards mentioned ; 
the two or three apical whorls are quite smooth and polished ; 
colour yellowish-brown : spire extended and pointed : whorls (j, 
convex, the last occupying at least two thirds of the spire when the 
shell is placed with the mouth upwards : suture distinct and rather 

+ firtmttwbftt nerforated. 
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deep : mouth oval, Bomewhat expanded ; the inside or throat is ob- 
scurely notched : outer lip thin, outside of the labial rib : inner lip 
folded back and adhering to the pillar, continuous with the outer 
lip ; behind the pillar is a decpish semicircular groove, which is in- 
dicated by the specific name. Length 0-2 in. Breadth 0*1 in. 

Several specimens. I do not know any recent or living species 
like it in respect of the basal groove. 

I also consider it desirable to take this opportunity of having 
figured for the first time another peculiar species of Rissoa {R, Wy- 
ville’-Thomsoni^ PI. XV. fig. 3), which was found with the species 
now described, and which will be more fully noticed in my forth- 
coming Part of the ‘ Lightning ’ and ‘ Porcupine ’ Mollusca in the 
‘ Proceedings of the Zoological Society.’ 

3. Pleukotoma mtjltistriata Jeffreys. PI. XV. fig. 4. 

Shell oval, moderately strong, semitransparent, and glossy : sculp-- 
ture^ very numerous and close-set longitudinal and spiral strisD, the 
intercrossing of which causes a fine decussation ; the first whorl is 
quite smooth : colour pale yellowish- white, with two reddish-brown 
and rather broad bands, one immediately below the suture, and the 
other encircling the base of the last whorl : spire shortish, turreted ; 
apex bulbous : whorls 4-5, convex, abruptly enlarging ; the last 
takes up two thirds of the spire : suture deep : mouth irregularly 
oblong : canal short and wide, inflected or turning back : outer lip 
angulated at the top, and sloping downwards with a gentle curve ; 
labial notch shallow : inner lip forming a broad glaze on the pillar 
and showing the attrition and excavating power of the foot : pillar 
flexuous. Length 0*2 in. Breadth 0*1 in. 

Many specimens. P. novaja-semljensis of Dr. Leche, from the Kara 
Sea (Lat, 75° 35' X.), might, from the figure, be mistaken for this 
shell ; but that is probably a variety of P, exarata of Mbller, which 
Leche considered a variety of P. turrkida. The coloured bands are 
also peculiar to the present species. 

4. Utriculus coxstrictus t, Jefireys. PL XV. fig. 5. 

Shdl oval, deeply constricted in the upper part, and broader in 
the middle ; it is thin, opaque and lustreless : sculpture^ fine and 
flexuous longitudinal stri® in the constricted groove, and some 
irregular stri® in a spiral direction : colour dirty white ; spire pro- 
duct, but short and turreted : ivhorls 4, rather convex, having a 
thickened ridge or ledge at the top of each ; top whorl inflected ; 
suture deep and narrowly excavated : mouth long, contracted on the 
upper part, expanding and oval below : outer lip flexuous, com- 
mencing at about one third of the last wh^: inner lip also flexuous, 
thick, and spread on the pillar, behind vtoch is a narrow chink. 
Length 0*1 in. Breadth 0*075 in. 

Three specimens, Mr. Lamplugh informs me that other speci- 
mens were found, but had been lost. This species differs from U. 

* Covered with strise. t Contracted. 

Q.J.G.S, No. 158. 
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ohtusus in being mneb shorter and proportionally broader, deeply 
constricted in the upper part, and having a narrower mouth. 

5. Bulla ckebristriata Jeffreys. PI. XV. fig. 6. 

Shell cylindrically oval, thin, semitransparent and glossy : 9culfiure, 
extremely numerous, close-sot and fine spiral striae, besides irregular 
lines of growth ; the spiral striae are wavy and interrupted by the 
lines of growth, but arc not punctured : colour yellowish-brown : 
spire sunken and quite concealed ; crown excavated and encircled 
by a sharp rim : mouth long and flexuous, narrower on the upper 
part and expanding below the pillar : outer lip flexuous, slightly 
projecting above the crown : inner lip rather thick ; behind it at 
the base of the pillar is a small umbilical groove. Length 0*2 in. 
Breadth 0*15 in. 

Two specimens, but neither of them is quite perfect. 

APPENDIX B. 

ClRRIPEDlA. 

(Determined by Dr. (jwjti Jeffreys.) 

Balanus porcatus, Da Costa, I Balanus crenatus, Bnu^. 

Hameri, Ascamiu^. | Verruca Streimii, Miilier. 

Fragments of Balani were plentiful in the bods out of which the 
above have been identified. 

APPENDIX C. 

Pisces. 

By E. T. Newton, Esq., F.G.S. 

In Mr. Headley’s collection were many teeth and other re- 
mains of fish. These were nearly all obtained from the sandy 
patches, and were in many cases much water-worn and rounded, 
being sometimes reduced to mere pebbles. Some, however, were 
quite unworn, and in an excellent state of preservation. 

Nearly the whole of the remains of Fishes from Bridlington seem 
to be either Norwich-Crag, Bed-Crag, or London-Clay forms. And 
seeing that so many of the Crag \ ertebrata have been originally de- 
rived from the London Clay, itis quite possible thatall the Bridlington 
Fwhes have been derived directly from the Crags. I should doubt 
whether any of them were contemporaneous with the Bridlington 
deposits, and the mineral condition and polished surface of the 
specimens are characteristic of Crag fossils. 

This would seem to point to the destruction of older Tertiary beds 
dunng the formation of the gravelly sand containing the arctic 
fauna. 

Dr. S. P. Woodward, in a note to his list of shells in the ‘ Geological 
^gazme, vol. i. p. 49, 1864, mentions the occurrence of Platax 
Woodwardi, sharks’ teeth, and an otolith resembling those of the 
* Closely striated. 
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Haddock. This is the only previous record of fish-remains from the 
bed known to me. 


Oarcharodon (teeth), and other 
sharks. 

Chrysophrys (teeth). 

Lamna, sp. (teeth). 

Myliobatis (teeth). 

Notidanus microdon (teeth). 


Oxj rhiiia (teeth). 

Platax Woodward! ? 

Raia batis (teeth). 

Otoliths of Oadoid fish. 

Fish vertebra3. Also a fragment of 
the tooth of a mammal. 


APPENDIX D. 

Note on the Osiracoda and Foraminifem of the shelly Patches. 

By Dr. H. W. Crosskey, F.G.S. 

An examination of the material obtained by Mr. G. W. Lamplugh 
during the recent exposure of the shelly patches in the Boulder-clay 
at Bridlington, has both added to the catalogue and confirmed the 
previously existing evidence of the arctic character of the Ostracoda 
and Foraminifera contained in that bed. 

In making this examination, I have to acknowledge the valuable 
assistance I have received from Mr. G. S. Brady, with respect to the 
Ostracoda, and from Mr. II. B. Brady with respect to the Foraminifera. 
From the facts to be narrated it would appear that the new exposure 
reveals the same deposit as that to which the name of Bridlington 
Crag was given when it was first observed ; and Mr. Lamplugh 
informs me that its position on the beach agrees exactly with the 
early accounts. 

Ostracoda. 

In order that the general character of the group of Ostracoda may 
be clearly understood, it is necessary to refer to the investigations 
that have already been made, especially since the identity of the 
newer and older exposures is a point of importance. 

In the “ Monograph of the Tertiary Entomostraca of England,” 
by T. Rupert Jones *, two species of Ostracoda are described, for 
which Bridlington is the only locality given, viz. Cythere condmia^ 
Jonos, and Cytheridea Sorhyana, Jones. Neither of these species, 
wrote Mr. Sorby t, “ have been mot with any where else either 
living or fossil.” 

Since the date of these publications both Cythere concinna and 
Cytheridea Sorhyana have, however, been found living as far north 
as Spitzbergen ; and they occur in considerable abundance as fossils 
in the glacial clays of Scotland. 

In the “ Monograph of the Post-Tertiary Entomostraca of Scot- 
land, including species from England and Ireland,'* by G. S. Brady, 
H. W. Crosskey, and D. Robertson, twenty one Ihldlington species^ 
are described, of which the following analysis has been made + : — 

* Palffiontographical Society, 1856. 

t “ On the Crag-deposit at Bridlington, and the microscopic fossils oocurring 
in it ” (Polyt. Soc. West Riding, vol. iii. p. 569). 

I A note by Dr. Crosskey, “ On some additions to the fauna of the Post-Ter- 
tiary bed at Bridlington, Yorkshire. Proc. Birmingham Phil. Soc. vol ii 
p. 377. 
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2 are peculiar to Bridlington as fossils, one not being known 
living, and the other having a high northern range. 

1 is found in an English Boulder-clay, but not in ^^otland. 

5 are most abundant in those Scotch clays in which the fauna is 
extremely arctic. 

11 are common in all Scotch glacial clay, 

1 has been found in one Scotch glacial clay only. 

1 has been detected in an upper bed only, but is known to live 
in the Gulf of St. Lawrence. 

The whole group is remarkably analogous to that found in the 
glacial clays of the East of Scotland ; and the newly exposed clay 
has yielded a lai^e proportion of the same Bi)ecie8. 

The following is a list of the species obtained chiefly from the 
shelly patches described in Mr. Lamplugh’s paper. 

Genus Cythere, Muller. 

C, concimia, Jones. Common. 

C. dunelmoisis, Norman. Moderately common. 

(7. mirahilis, Brad}’. Common, 

0, tuherculata, G. 0, Sara. Common. 

C, villosa, G. 0. Sars. Hare. 

C^fimhriata^ Norman. Hare. 

C, M^Chesneifi, Brady & Crosskey. Bare. 

C, glohulifem, Brady, Hare. 

Genus Cytheridea, Bosquet. 

C, Sorhgana, Jones. Common. 

C, elongatcij Brady. Hare. 

Genus Cytheropteron, G. 0. Sars. 

C. latissimum, Norman. Hare. 

Genus Efcythere, Brady. 

E, argus, G. 0 . Sars. Common. 

Genus Krithe, Brady, Crosskey, & Hobertson. 

K, glacMis, B., C., & H. Common. 

With two exceptions the whole of these species are characteristic 
of the Scotch glacial clays, and especially of those near the eastern 
coast. 0 . mirahilis, Cytheridea Sorbyanaj and Krithe glacialis, for 
example, are especially associated with such arctic moUusca as Fecten 
groenlandieus^ JLeda arctica, and Fhracia myopsis in the glacial clays of 
the East of Scotland, and are among the most abundant species in the 
Bridlington shelly patches. The forms I have excepted from this 
general statement are Cythendea elongata and Cythere M^Chesneyi, 
Of these C. M^Chesneyi^ Mr. Brady informs mo, i8“ interesting as being 
the first notice of it on this side of the Atlantic.'^ It was originally 
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discovered in gatherings of glacial clay from Montreal and Saco, which 
were sent to the writer of this note by Principal Dawson. 

GytTieridea elongata is common enough as a recent species all 
around these islands ^ and lives in the Gulf of St. Lawrence also, so 
that it is not surprising to dnd it in a glacial deposit^. 

The general statement made by Mr. Lamplugh in his paper re- 
specting the fauna of the sheUy patches in the Boulder-clay that 
(with the exception of a doubtful Rissoa) no “ species are found save 
such as might form part of the same life-group,” accurately repre- 
sents the state of the case with respect to the Ostracoda. 

PoRiLMINirERA. 

In the Monograph of the “ Foraminifera of the Crag/’ by Prof. 
T. E. Jones, W. K. Parker, and H. B. Brady f, the following 
passage occurs : — “ Some Foraminifera collected by Mr. H. C. Sorby, 
F.E.S., from the Bridlington Crag some years ago, and kindly placed 
at our disposal, have to be noticed. These comprise Carnuspira^ 
Miliola^ Lagena, Dentalina^ Cristellaria^ PolymorpMna, Cassidulina^ 
Truncatulina, Polyntomella^ and Nonionina^ and are the most con- 
spicuous of a probably more extensive fauna, nearly allied to that of 
the Suffolk Crag.” 

As Mr. H. B. Brady points out to me, however, much more is 
known of the distribution of the northern forms than when this 
paragraph was written ; and, of the 18 Bridlington species described 
in the monograph, all save one have been discovered in the I^’orth 
Atlantic, and 14 of them in the Arctic seas. 

When in connexion with this fact their association with Arctic 
MoUusca is considered, the application to them of the term “ Crag ” 
becomes more than questionable. 

The new material has yielded 16 species, with two varieties of 
species. 

Of these 16 species, 8 are catalogued as from Bridlington in the 
monograph ; and the whole of these occur in the Scotch glacial clays. 
Of the remaining 8, 5 are Scotch glacial fossils ; while 3 species 
and 2 varieties, although catalogued as glacial fossils for the first 
time, are not improbable members of the same group, so far as 
climatic conditions are concerned. 

The following is the list of Foraminifera ; the number of specimens 
found was far greater than of the Ostracoda : — 

Genus Bilocijlixa, D’Orbigny. 

B. ringens^ Lamk. Moderately common. 

Genus Cabsidtjltna, D’Orb. 

C. Jcevigata, D’Orb. Bare. 

* Vide “ Notes on fossil Ostracoda from the Post-Tertiary deposits of Canada 
and New England ” by G. S. Brady and H. W. Crosskey. Geological Magazine, 
vol. Tiii. No. 2, where it is figured and described. 

t PalsBontographical Society, 1865, Preface, p. t. 
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Genus Dentamna, D’Orb. 

D. communis^ D’Orb. Common. 

Genus Glandulina, D’Orb. 

O. Icevigata, D‘Orb. Abundant. 

*var. rotundaia^ Reuss. 

*var. cequdlis, Reuss. 

Genus Gaudryina, D’Orb. 

^0, pupoides^ D’Orb. Rare. 

Genus Lagena, Walker and Jacob. 

A. (flohosa^ Mont. Rare. 

L, Imngata, Reuss. Rare. 

L. squamosa, Mont. Moderately common. 

L, sidcata, W. & J. Common, 

Genus Nonionina, D’Orb. 

*Ar. orhiadaris, Rrady ? Rare. 

Genus PoLYMORruiNA, D’Orb. 

P. lactea, W. & J. Abundant. 

P. compressa, D’Orb. Abundant. 

Genus Polystomella, Lamarck. 

P. striato-punctata, F. & M. Abundant. 

Genus Pulvinulina^ Parker and Jones. 

Karsteni, Reuss. Rare. 

Genus Quinquecloculina, D’Orb. 

Q, seminulum, Linn. Abundant. 

Genus Truncatulina, D’Orb. 

T, lohaiula, W. & J. Common. 

With respect to the forms marked which have not been pre- 
viously given in the lists of glacial fossils, the following notes may 
be made. 

Glandulina Icevigata is very rare in the kScotch beds ; it is abundant 
at Bridlington, and its varieties therefore (var. rotundata and var. 
cequalis) may be expected. 

Oaudryina pupoides is described by Mr. H. B. Brady t as a 
“ common deep-water Foraminifer. The list of localities at which it 

t The voyage of H.M.S. ‘ Challenger,’ p. 378. 
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has been found includes fourteen stations in the North Atlantic, the 
most northerly being about lat. 60° N.” 

Pulvinulina Karsteni is a Shetland form, and is figured in 
Mr. H. B. Brady^s paper on the “Ehizopodal Fauna of the 
Shetlands”*. 

Several species of Nonionina occur in the glacial clays, so that the 
appearance of a species doubtfully named N, orbicularis raises no 
difficulty regarding the general character of the group. 

The Foraminifera, as well as the Ostracoda derived from the 
new material I have examined, when compared with the Scotch 
fossils and studied together, give considerable ground for the sup- 
position that these “ shelly patches’’ in the Bridlington Boulder-clay 
belong very closely to the same period of the glacial epoch as that 
represented by the fossiliferous clays of the coast of Scotland. 

EXPLANATION OF PLATE XV. 

Fig. 1,1a. Lifforina? glohosa, Jeffreys, sp. n. 

2, 2 a. Bissoa subperforata, Jeffreys, sp. n. 

6,3 a. Wi/vUle-77i07nsoni, Jeffreys. 

4, 4 a. Vleurofoma midtistriata, Jeffreys, sp. n. 

5, f) a. IJfriculm constrictus, Jeffreys, sp. n. 

(t, 6 a. Bulla crebristriata, Jeffreys, sp. n. 

The short lines indicate the natural size. 


Discussion. 

Dr. J. Gwtn jEFPREys believed, from a personal inspection, that 
this was a remauie deposit. He had supplied Prof. Phillips with a list 
of the Bridlington shells for the second and posthumous edition of 
his ‘ Geology of Yorkshire.’ The present list showed that the 
total number of species and varieties amounted to 74f, of which 33 
were purely arctic forms, 1 a deep-water form (480 to 560 fms.), 
2 American forms, 33 shallow-water forms (under 100 fms.), and 
there were 5 perfectly new species. Besides the peculiarly arctic 
species, 20 of the littoral species are also arctic, making the total 
number of the latter 61, or nearly 87 per cent, of the whole. 
Similar purely arctic forms had been lately found in deposits near 
Glasgow. These shells were much more arctic in character than 
those of Mod Tryfacn, which might be referred to a Celtic area of 
distribution. 

Prof, T. M‘K. Hughes said that many years ago he had found, 
with Mr. Lyell, in Dimlington cliff, a lenticular bed of sand with 
Nucula Cohholdice, Astarte co7npressa, and other shells, some of the 
bivalves with the shells in contact. ’ He thought it more probable 
that the shelly patches were pushed up by the grounding of ice- 
bergs and shore-ice from the sea-bottom close by, than that they 

* Transactions of the Linnean Society, vol. xxiv. 

t After this paper was read 9 more species were discovered, and have been 
entered in the Appendix A. 
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had been (K^nveyed firom a distance. He thought the shells lived in 
Glacial times and near the place where they are now found. 

Mr. Lbonaed Ltell did not agree with Prof. Hughes as to the 
shidls found in a sandy bed at Dimlington being of tlio age of the 
Boulder-clay. The shells were excessively friable, and were found 
ab various points along the coast. He thought they had been 
transported from a distance in frozen masses. He asked as to the 
state of preservation of the different shells in the deposit. 

The Author, in reply to the President, said that the presence of 
deep-sea forms was a bar to the conclusion (hat they were entirely 
carried by coast-ice. The difference of this sand from that formed 
from the waste of rocks on the coast was an argument against the 
masses coming from the immediate locality. The state of preservation 
was very different in different patches, and seemed to depend more 
on the character of the matrix than on the nature of the different 
species. The patches were more abundant at Dimlington than at 
Bridlington, owing to the wider exposure of the Boulder-clay con- 
taining them. 
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23. The Silurian Species of Glauconome, and a Suggested Classi- 
fication of the Paleozoic Poltzoa. By George W. Shrubsole, 
Esq., F.G.S., and George E. Vine, Esq. (Eead June 21, 1882.) 

[Abridged.] 

The genus Olamonome, originally founded by Goldfuss, was so modi- 
fied by Lonsdale, as to become virtually a new genus, of which 
Glauconome disikha from the Dudley Limestone is the type. Later 
on came the discovery by Sedgwick of apparently a similar polyzoan 
from the Bala beds of North Wales. This was regarded by Prof. 
McCoy * as identical with the Wenlock species, and, as such, has 
been generally received. 

We have been of late examining these Silurian species of Glau- 
coyiome^ both as to their identity with one another and their con- 
nexion with the Carboniferous and Devonian species, and we find 
that the Bala and Wenlock species are not even generically related, 
while the members of the large Carboniferous group have not the 
least affinity with the type species from the Wenlock beds. 

The present Bala, Devonian, and Carboniferous species evidently 
belong to a modified group of the Cyclostomatous Polyzoa, while the 
type species from the Wenlock can only be classed in a distinct 
division of the Polyzoa, for which at present no provision is made. 

In coming to this decision, we have been mainly guided by zoarial 
form, and not outward resemblance. Evidence in this direction has 
been carefully sought for in the several species. In Glauconome 
disticha from the Wenlock Limestone we find the cell open and ex- 
posed throughout its entire length ; this, we find, is not accidental, 
but characteristic. The cells are built up of a series of thick 
longitudinal walls running parallel with the branch, and divided at 
regular intervals by cross walls, which go to form the cell or, rather, 
cell-area, which may be pyriform or quadrangular in shape and 
depressed in the centre. The keel is normally rounded, having on 
the elevated portions prominent nodes. 

The remarkable feature about the cell is its open character ; for 
out of the many examples we have examined we have not found it 
otherwise. That this is not due to the wearing away of any part 
of the structure is apparent from the fact that even more delicate 
polyzoans associated with it are not so affected. Lonsdale noticed 
the same peculiarity ; for he says “ that the nature of the covering 
and opening of the cells is unlmown.” This is still the extent of 
our knowledge. 

We turn now to the other species of Glauconome from the Bala 
beds, which McCoy regarded as identical with G. disticha. In 
working out the affinity of this species, we have been favoured with 
specimens from Glyn Ceiriog, North Wales, in which the cell-fea- 
tures are well shown. The zooecia are seen to be long and cylin- 
drical in shape, buried in the length of the branch, and the cell- 
neck bent, and protruded through the branch. 
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As a natural consequence, there can be no generic relationship 
between the tubular cell of this Bala Ghmconome^ and the open 
quadrate one of the Dudley species. The difference between them 
is considerable ; it is even more than generic. The zoarial character, 
as seen in the Dudley species, can have no place even among tho 
Cyclostomatous Polyzoa. There is an antique arrangement of tho 
cells unlike anything in recent types. Its characteristics are entirely 
Palaeozoic. It is scarcely necessary to say that the numerous species 
of Carboniferous Glaiicoiwme with their cylindrical zocecia can no 
longer be asvsociated with the Dudley species. The latter is a polyzoan 
which is not provided for in the existing suborders ot the group ; 
and for the reception of it and similar sj)ecit's, a suitable suborder 
will be requisite. It will remain the tj'pe and, so lar as at present 
known, the only representative of the genus Ghtucunomr. On the 
other hand tho Bala species is clearly allied by close zoarial affinity 
with the Devonian and Carboniferous Glaticononu ^ and may be in- 
cluded in a new genus to be presentl}’ described. W e are aware 
that some years ago* Mr. Etheridge, Juii., ])ro])osed to assign this 
Bala species to liamipora, a genus founded by Toula upon a frag- 
ment of a Polyzoan brought from the Arctic regions. The reference 
mainly rested on a certain outward resemblance, not very marked 
or reliable, which cannot outweigh its zoarial agreement with tho 
Carboniferous Gluaconome, or even its outward resemblance to tlio 
perfect condition of the zoarium in the same. 

The new genus to bo now described will include the discarded 
Bala, Devonian, and Carboniferous si^ecies of Glauconome. 

PiXNATOPORA, nov. gon. 

Glauconome (pars), M‘Coy, Brit. Pal. Fos. p. 4b. 

Zoarium made up of a series of main stems, having a common 
attachment, with secondary and tertiary branches, which come off 
at an acute angle. The tertiary branch may or may not unite with 
a corresponding branch on the adjoining stem. Zoa*cia cylindrical, 
arranged in longitudinal and alternate series over one half of the 
surface. Between the row of cells a dividing keel. 

Pinnatopora Sedgwickii, Shrubsole. 

Glauconome cUsticJia (pars), Lonsdale, Brit. Pal. Fos. p. 49. 

Bami^^ora HocJistetteri, var. carinata, R. Eth. Jun., Gcol. Mag. 
1879, p. 241. 

Sp. cliar, Zoarium a series of main, non-bifurcating stems growing 
from a common base, having alternate, secondary, and tertiary 
branches, the latter uniting with a corresponding branch on tho 
adjoining stem, so as to connect the entire zoarium. Zooocia long, 
tubular; aperture circular, arranged longitudinally in alternate 
rows, spread over one half of the surface. A dividing keel between 
tlio rows of cells. Reverse angular. 

0h$. The chief interest of this species is that it is the oldest known 
* Clool. Mag. 1879, j). 241. 
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representative of its class. It is the head of an important genus ranging 
from the Bala or Caradoc beds to the latest Carboniferous. Although 
the earliest of its kind, this species was of strong robust growth, 
exceeding in size the species of later date. Large fragments of it 
are frequently found in the Bala beds. That so fragile an organism 
should be found in an almost unbroken condition suggests the fact 
that the sediment, from whatever cause, must have accumulated 
very rapidly around it. 

Locality, Fairly abundant in the Bala beds of Glyn Ceiriog, 
Denbighshire, and Cefn Coedog near Corwen. 

We would slightly enlarge the characters of the original Dudley 
species as follows : — 

Glauconome nisTiCHA, Lonsd. 

Glauconome disticha^ Goldf . Petref. Germ. Tab. 64, fig. 15 ; Silurian 
Syst. pi. 15. fig. 12. 

Pinriiretepora Lonsdalei^ D’Orb. Prodr. de Pal. i. p. 45. 

Sp, char, Zoarium branched or lunnate, the branches diverging 
at a sharp angle from the main or central stem. Stem rooted by 
a strong base. Zooecia both on stem and branch. When fully 
developed, two rows of quadrangular or pyriform cell vestibules 
arranged longitudinally on stem and branch, on either side of a 
strong keel, which is nodulose when perfect. Three rows of cell- 
openings may often be seen on the main stem. Aperture of cells 
unknown. 

Ohs, In addition to the features already described in this species 
there is an antique arrangement of the cells that is unlike anything 
seen in modern types. There is another detail worth mention. In 
the cells of Memhranipora memhranacea and the Flustridio generally, 
the cell is entirely bounded by its own wall. A perpendicular line 
drawn through the end walls would enclose the cell and its contents. 
In the Pala)ozoic types, lines similarly drawn would cut off the true 
cell from the area, the cell being buried bejieath the area operated 
upon. 

Recurring to the present classification of the Polyzoa, it is 
evident to a largo extent that the divisions are founded upon recent 
types. Of the three suborders (i) Chilostomata, (ii) Cyclostomata, 
(iii) Ctenostomata, the latter is unknown to us in a fossil state. 
We know of no genera or species within the British area, in either 
the Cainozoic or Mesozoic epochs, that may not be included in the 
first or second of these divisions if slightly modified. When we pass 
to the Palaeozoic forms, it is diflerent. Here we meet with types of 
Polyzoa essentially different, in which the cells are devoid of stomata, 
either subterminal or terminal, being concealed beneath what we 
have called the vestibule. This is often very large and filled with 
matrix. The concealed stomata may bo shown in sections of species 
of rtilodictyce and Ceramoimw, To meet the case of these older types 
of Polyzoa, we propose a new suborder which shall have special 
reference to the cell and stomata. As yet we have no clear evidence 
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that Chilostomatous types existed in Palseozoic times. The majority 
of these older species will be found to arrange themselves under the 
Cyclostomata ; the rest will be accommodated in the new suborder 
Cryptostomata. 

Class POLYZOA. 

I. Suborder Chilostoma.ta., Busk. 

Orifice of the zooecium closed by a movable opercular valve. 
Ova usually matured in external marsupia. Appendicular organs 
(avicularia and vibracula) frequently present.” Hinclcs, 

Very few species at present known to us in the fossil state. It 
is doubtful if they are found below the Cretaceous period. 

II. Suborder Cxclostomata, Busk. 

“ ZooBcia tubular, with a plain inoperculate orifice. Marsupia and 
appendicular organs wanting.” HincTcs, 

Species belonging to this suborder less specialized than recent 
types range from the Lower Silurian upwards. 

III. Suborder Cktptostomata, Vine. 

Zooecia subtubular, in section slightly angular. Orifice surrounded 
by a vestibule, or otherwise concealed. 

To this division we assign the Silurian species of Glauconome and 
Ptilodictya, 


Discussion. 

Prof. Huoheb bore testimony to the valuable work which the 
authors were accomplishing in connexion with the study of a very 
difficult group of organisms. 



BIB B, OWEN ON A LAJirBINTHODONT AMPHIBIAN. 


333 


24. On a Labtbinthobont Amphibian (Ehytibosteub capenbis*) 
from the Tbiab of the Orange Free State, Cape of Good Hope. 
By Sir Eichard Owen, K.C.B., F.E.S., F.G.S., &c. (Eead 
March 19, 1884.) 

[Plates XVI. & XVn.] 

In the year 1837 I examined, microscopically, the structure of 
certain teeth from the sandstone of Guy’s Cliff, Warwickshire, which 
had been submitted to me by their discoverer, Dr. Lloyd, F.G.S., of 
Leamington, the form of these teeth being that of simple canines. 
The well-marked and peculiar structure, so discovered, and the geo- 
logical correspondence of the matrix with the Keuper of Germany, 
induced me to apply to Prof. Jiiger of Stuttgart (whose acipiain- 
tance, ripening into friendship, I had formed at the Meeting of the 
German naturalists in 1835, under the presidency of Oken, at 
Freiburg im Breisgau) for a tooth, or portion of tooth, of a fossil in 
his collection. 

To this I was moved by the fact that Jager had described certain 
remains from the Keuper of Wlirttemberg, as of a Saurian reptile, 
under the name of Mastoclonsaurus^ and it was to the teeth of this 
species that I wished to apply the microscopic test. 

My friend at once transmitted a tooth of this ancient reptile, and 
I was gratified to find therein the same peculiar structure which 
had led me to apply the generic term ‘ Lab j/rinthodon ’ to the extinct 
species represented by the Warwickshire fossil tooth: this result 
was communicated to the Geological Society f- 

The batrachian or batrachoid character of the extinct possessor 
of teeth of this complexity was subsequently inferred from the 
structure of the bony palate in a portion of skull, also from the 
Keuper of Warwickshire, described and figured in a later paper 
under the name of Labyrinthodon leptoynathus J. Subsequent 
knowledge of allied cold-blooded air-breathers has shown the laby- 
rinthodont dental character to be one of an order or, at least, of a 
group of anallantoid air-breathers of higher value than the genus. 

Accordingly, on receiving a cranial fossil from Mangali, Cen- 
tral India, with teeth manifesting the labyrinthic character, 

I proposed for it, in a paper communicated to the Geological 
Society in 1855, the generic name of Brachyops. Subsequently 
I recognized in a series of fossils from a Triassic sandstone 
of the Tafelberg, Queenstown district. Cape of Good Hope, sub- 
mitted to me in 1875, by Hr. Atherstone, F.G.S., the skull of a 
smaller labyrinthodont, remarkable for the granulate superficies of 

* 'Pvrle, wrinkle, bone. 

t Transactions of the Geological Society, 4to, second series, vol. vi. 1841, 
p. 503, figs. 1 & 2. Similar fossils from the same locality had been referred by 
Murchison and Strickland to tlie Keuper. 

J Loc, cit. pp. 515-543, pi. 43, figs. 1, 2. 
n T n R TSTn 1 KQ ^ 
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the cranial bones. This fossil is figured in plate xx. figs. 13-20, 
in my ‘Catalogue of the Fossil Eeptilia of S. Africa, in the British 
Museum’ (4to, 1876, p. 67). 

A somewhat larger fossil skull (3 inches 6 lines in length) preserved 
in the Museum of the Imperial Society of Naturalists of Moscow, 
and described by Fischer de Waldheim under the name Ehhio- 
saurus Jas^ovii^ I believed, from its shape and the close correspon- 
dence of the granulate ganoid superficies of the cranial bones, to 
belong to the labyrinthodont rather than to the saurian order. 
Fischer notes, in his account, that this fossil, “ quoique decouvert 
dans le Gouvemement de Simbirsk, est sans indication precise de 
localite”*. If this fossil should yield the structure of the bonv 
palate, and the occipital articulation with the atlas, i,e., whether by 
one or two condjdes, its affinity or otherwise to the Labyrinthodonts 
would be determined. 

The Capo Petrophryne revealed the double condyle t, but not 
the characters of the bony palate. 

The fossil of which I have now the pleasure to submit a descrip- 
tion, supplies the palatal character; but the occipital part of the skull 
is wanting. 

This cranial specimen (Plates XVI. & XYII.) Avas obtained, in a 
fractured condition, by Ileer Swanopol, from the Trias of a locality 
called Beersheba, and was doj^osited by him in the Bloemfontein 
Museum. The authorities have confided it to Dr. Exton, of the 
Orange Free State, S. Africa, in order to be submitted to mo with 
other fossils, including TriUjhdon, 

After readjustment of those parts of this fossil skull of which 
the true relative positions could be determined, the result 
was the proportion of the facial division, including the external 
nostrils (Plate XYI. figs. 1, 2, n,) and orbits (v7>. o), with a corre- 
sponding part of the lower jaw {ih. a‘>-;u), thereto cemented by 
matnx, Avhich forms the subject of the figures now submitted 
to the Society. In one of those (Plate XYII. fig. 1) are shown 
the characters exposed by careful removal of matrix from the bony 
palate. Detached portions of the mandible, and a few other 
fra^ents have helped in the determination of the affinities of the 
fossil. 

breadth to length, with general flatness, of the 
skuU being batrachoid rather than saurian, my first step was to 
submit one of the teeth to the microscoi)ic test. For this puipose I 
selected the hinder palato- vomerine tusk, from which the apical half 
of the crown had been broken away (Plate XYII. fig. 1, mo\ 

drawing of the section magnified 20 diameters 
(Hate XYII. fig, 2), shows the decisive character of the laybrinthic 


1847* ^ Soci6t6 Imp6riale des Naturalistes de Mosoou,’ tom. xx. 

t See Cat. Foss. Rept. S. Africa, plate xx. fig, 16. 
wu 1 indicates the entry of the ‘dentinaD process of the 

fromI«^pBlTthet‘ootrmSril process of the ‘cement; 
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interblendiiig of the dental tissues complementary to and confirm- 
ative of the batrachian modifications exemplified by the recovered 
bones of the skull. 

As shown by the figure 1 of Plate XVI., the upper surface of the 
skull is nearly fiat, the feeble convexity, transversely, of the outer 
third parts gradually falling to as feeble a concavity at the middle 
third. The exposed surface of the bones is sculptured according to 
the pattern which I have termed “ rhytidoganoid ’’ in Brachycyps, 
The forwardly converging lateral borders are rounded off into an 
obtuse fore end, two inches broad about an inch behind that end. 
The rami of the mandible converge, corresponding with the denti- 
gerous borders of the maxillae, and seemingly coalesce to form a 
flattened symphysial end of the lower jaw, having a transversely 
convex termination fitting into that of the overlapping upper jaw 
(Plate XYII. fig. 1 , & Plate XVI. fig. 2 ), the animal having become 
fossilized with its mouth close shut. 

The fore end of the upper jaw is formed by the premaxillaries 
(22, 22) ; their medial suture is 38 millim. in length ; the bones 
extend laterally backward to contribute to the front border of the 
outer nostril (a, figs. 1 & 2 , Plate XVI.), above which they terminate 
in a point. The pattern of their external sculpturing will be pre- 
sently described. 

The maxillaries, 21, 21, contribute the smallest portion to the 
upper surface of the skull, where it forms part of the upper border 
of the nostril. Only on a side view, as in fig. 2 , ITate XVI., can the 
due extent of the outer surface of the maxillary be seen, and the 
proportion, vi, it contributes to the under and hinder border of the 
nostril, whence it extends backward wuth a decreasing vertical 
diameter to hcneatli the orbit 0. Peturiiiiig to the upper surface of 
the skull (Plate XVI. fig. 1 ), the nasal bones 15, 15, there show 
their great expanse and triangular shape: their extreme length is 
3 ^ inches (90 millim.), and that of their mid suture is 2 ^ inches (63 
miUim. Each nasal expands as it recedt's from the premaxillary, 
and contributes about one third of the upper border of the nostril, 
beyond which the bone unites with the maxillary, 21, and thence 
extends further back to terminate in a point wedged between the 
frontal, 11, and prefrontal, 14. Tha fronials, 11, retaining their mesial 
suture, form together a subquadrate plate with the anterior angles 
rounded off ; the posterior ones are truncate : the connexions of 
these bones are, anteriorly, with the nasals, laterally with the pre- 
and postfrontals. The parieteds, with which they unite behind, 
are represented by fragments, the occipital part of the skull being 
lost. The prefmitals, 14, are mesiaUy united with the nasals, the 
mid frontals and postfrontals ; laterally, with the maxiUaries, 21 : 
they form the anterior and part of the upper border of the orbits. 
Of the postfrontals^ 12, only the angle joining and wedged between 
the mid and profrontals is preserved. 

The roof of the portion of skull formed by the above-noted bones 
is almost flat, of snbtriangular figure, with the anterior apex rounded 
off. The outer nostrils, n, come partially into view, the orbits, 0, 
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more directly on thiA aspect ; the latter are remarkable for their 
small relative size, as this is indicated by the fore and part of the 
upper boundary; their aspect is obliquely lateral. Each of the 
above-described bones has a sculptured outer surtace of the same 
pattern. From a central or subcentral space, radiate narrow, almost 
sharp ridges with wider intervals ; similar but shorter ridges rise 
as the intervals expand toward the periphery of the bone ; the 
ridges become irregularly wavy as they diverge thereto : the inter- 
vals are smooth grooves. One or two wider channels, suggestive of 
having carried mucous canals, indent some of the bones. This 
character suggested the generic name lihytidosteus. A very small 
portion of the maxillary bone, 21 , comes into view in the upper 
surface of the skull ; it is the part ( 21 , fig. 1, Plate XVI.) which 
contributes the hind border of the nostril. The firm adhesion of 
the lower to the upper jaw forbade further attempts at severance ; 
the hardness of the cementing matrix threatened such to be more 
destructive than expository of determinative characters. In the 
interval of the diverging rami of the portion of mandible so pre- 
served (Plate XVII. fig. 1) sufiicient of the bony palate was exposed 
to afford the chief batrachian character of the present labyrin- 
thodont genus. The major part of this mouth-roof is contributed 
by the pair of vomerine bones, 1:3, of which the mesial suture is 
conspicuous. Each vomer presents a large subcircular vacuity, 
V c, 20 milhm. in longest diameter, from which projected the 
crown of a laniary tooth, the exposed basal part not exceeding 
6 millim. in diameter^. The disproportion between this tooth and 
the socket or vacuity from which it was emerging suggested that it 
might be a successor to a canine conforming in size with such 
socket, and which had been lost. Behind each of the vacuities, v c, 
is the palatal nostril n,n, 28 millim. in length, 8 millim. in breadth; 
the long axis of the aperture is parallel witli the outer border of the 
bony palate. The anterior and mesial with part of the lateral or 
outer borders are contributed by the vomer ; the rest of the circum- 
ference by the palatal plate of the maxillary ; and, perhaps, the 
palatine, 20 . Close behind the palatal nostril is th(i socket or aper- 
ture of emergence of a canine, mo, similar and but little inferior in 
size to the vomerine one, v c. To this palato-maxillary vacuity and 
tooth applies the same remark as to the vomerine one. 

The vomerine bones diverge from each other after a sutural 
course of two inches, and the pointed anterior end of a palatal 
bone undivided by any apparent trace of mid suture occupies the 
interspace. The breadth of the bony palate at the fractured hind 
border is 5 inches; the length of the j)art preserved along the 
mesial line is inches. 

The mandibular rami, ;u, 32 , have coalesced at a symphysis, 
2 inches in length, 3 inches in breadth at the hind border, thence 
narrowing forward to a breadth of 1 inch 9 lines (45 millim.) ; and 
again slightly expanding to a rounded termination with a feeble mid 
indentation. The x^ortion of each ramus cemented to the upper jaw 
* From this the section, fig. 2, Plate XVII., was taken. 
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includes the spleniai (ai) with the dentary ( 32 ) elements : the former 
enters into the composition of the hind part of the symphysis man- 
dibulse. The ramus so constituted has the form of a stout bony 
bar, the vertical and transverse diameters being subequal, and the 
under part thick and convex across. Each ramus is slightly bent 
outwards as it diverges from the symphysis : its outer surface is 
sculptured in a pattern similar to that of the skull-bones. 

A detached hinder end of one of the rami shows the articular surface, 
29 (Plates XVI. & XVII.), divided into a transverse pair of shallow 
concavities. The part of the ramus supporting these seems also to 
have developed, as in Crocodilia, the angular projection (Plato XVI. 
fig. I, 29 ) behind the joint 29 ', for the tympanic. There is a trace 
of suture which bounded the angular element, also of the croco- 
dilian pattern. If the mandibular fossil above noticed had boon 
found un associated with other bones of the skull, its reference to a 
saurian might be condoned. The extreme depth or vertical diame- 
ter of this detached hind end of the mandibular ramus of lihytidosteus 
is 00 millim., its greatest diameter 48 millim. 

Some lost portion of the ramus prevents a close fit of the above 
portion with the dentigerous part adhering to the upper jaw; but 
the entire length of the lower jaw may be fairly estimated at from 
II inches to a foot. 

Deatition . — This armature is wielded by the premaxillary, vome- 
rine, partly palatine, and mandibular bones. In each premaxiUa a 
single row of from eight to ten small, pointed, conical teeth extend 
along the alveolar border (Plate XVI. fig. 2, 22 ; and Plate XVII. 
fig. J , 22 ), to where the crowns of two large teeth, which may be 
called “ canines ” (Plate XVI. fig. I), project from the maxilla. Beyond 
these a row of teeth, smaller than those of the premaxillary series, 
extends along the margin of the maxilla to near the orbit. The 
corresponding mandibular teeth, in the small degree in which they 
could be exposed, correspond in shape, size, and number, with the 
maxillary series. The chief weapons of the present labyrinthodont 
genus are supplied by the vomeiine and ])alato- vomerine pairs of 
laniariform teeth. From one of the latter was taken the section 
afibrding the subject of the drawing (Plate XVII. fig. 2). 

Should the present communication bo favoured, like that of a 
British Triassic labyrinthodont, read before the Geological Society 
in 1 840, with illustrations of the natural size, such as those which 
appeared in plates 43-47, vol. vi., of the then quarto form of our 
publications, the acquisition by the estimable individuals and 
Societies in our Cape Colony, of further evidences of Ehytidosteus 
ca^msis may be aided and stimulated by such figures accompanying 
the description of the present Triassic anaUantoid reptile*. 

It would seem that at this geological period, in parts of our 
globe BO remote from each other as Britain, Kussia, North America, 

* Since writing the above, I have foimd that a reduction of one third woiild 
bring the requisite illustrations within the 8vo form, and probably serve the 
same purpose. 
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BEndostan, and S. Africa, the batrachian 

Vibrates had reached its highest development. ^ ya , 

li I were asked in terms of the present of “ooigBe- 

tural biology,” “ from what antecedent form the labyrinthic struc- 
ture of tooth had been derived,” I should reply that, in the 
matter of complexity, I know, at present, only the teeth of an 
extinct member of a lower class, characteristic of the Old Red S^d- 
stone, which are comparable. To the genus of fishes manifesting 
such dental character, the term Bendrodus is applied. For, here, 
a series of processes of the dentinal pulp radiates transversely to- 
ward the cement-clad superficies of the tooth-crown ; but, in their 
course, they send off very numerous side branches which are soon 
resolved into tufts of dentinal tubules, suggestive of the generic 
name*. Processes of the cement-foTming capsule also penetrate 
the dentine, but for a short distance only from the periphery, and 
there is no such intorblending of the two tooth-tissues as in the 
great Triassic Batrachians. Between these and the Old Red Den-’ 
drodonts missing links, if such existed, are yet to be found. 

Of the extinct Reptilia enjoying life at later than Palaeozoic 
periods, the Liassic Ichthyosaurs show convergence of processes of the 
dental capsule for a short distance into the substance of the base of 
the teeth, below or beyond the enamel- clad crown ; but these con- 
verging processes are short and siinido ; and there is no reciprocal 
divergence of dentinal productions of the formative pulp t. 


DBSORIPTION OF PLATES XVI. & XVII.. 
Ehytidosteus cavensis. 

Plate XVI. 

Pig. 1. Upper view of anterior part of the skull. 

2. Side view of the Bamo. 


Plate XVII. 

Fig. 1. Under view of anterior portion of the skull. The above figures are 
reduced to two thirds of the natural size. 

2. Transverse section of a palato-voraerine canine, magn. 25 diam. 


* * Odontography,’ 8vo, 1840, p. 172, plate 62 B. 

t Ibid, p. 275, plate 73. In both labyrinthodont and dendrodont teeth the 
fractured surface usually displays a confused interblending of tissues, different 
from the simple compact dentine so exposed in saurian teeth. Observing 
this, Von Meyer remarked : — “ Hochst merkwurdig ist die innere Struktur dei 
Zedine von Mastodonsaurus ; ioh babe sie an einem dazu geeigneten Zahn- 
fragment in der Sammlung des Herrn Orafen Munster schon yor eini^er Zeil 
erlcwmt” Letter to Prof Bronn, in ‘ Neues Jahrbuch fiir Mineralogi^’ &o. 
8vo, 1838, p. 15. No intimation of the nature of this structure is given. It 
the subsequent ‘ Beitrage zur Paheontologie Wiirttemberg’s,’ 4to, 1844, my ex 
position and term ' Labyrinthodont’ are accepted. 
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Diwjtjbsiob, 

Dr. H. WooBWABD remarked upon the advantage of the en]igLi.cut^ 
‘course taken by the authorities of the Museum at Bloemfontein in 
sending these exceedingly interesting specimens by Dr. Exton to the 
British Museum for identification and description. He hoped that 
farther treasures of the same kind might be acquired by that Museum, 
which was located in a most favourable position for securing such 
objects, and that the same course would be adopted with them. 

Dr. Extob said that the precise locality from which the specimen 
described by Sir Bichard Owen was derived was perfectly well 
known. It was from a farm called Beersheba, in the neighbourhood 
of Smithfield. There is sufficient evidence that the strata in which 
it occurred are Triassic. The skull described in the present paper was 
from lower beds than the Tritylodon, He was exceedingly glad 
that he had been enabled to bring these interesting specimens to 
England for description, and he thanked Sir B. Owen for describing 
them. 

Prof. Seelet felt a diffidence in speaking without having seen the 
specimen. He agreed with Sir B. Owen in thinking that certain 
South- African fossil Boptilia show Mammalian characters. The 
diagrams clearly showed the cranial and palatal characters of the 
present species ; but without the teeth the cranium might almost be 
Chelonian. It seemed to him possible that even such palatal cha- 
racters as were shown may occur in true reptiles or in forms inter- 
mediate between Beptiles and Amphibia. Ichthyosaurus shows a 
divided vomer. 

The Atjthok in reply said that the divided vomer and the form of 
the skull showed decided Batrachian affinities, but that the struc- 
ture of the tooth, of which a magnified drawing was on the table, 
was quite conclusive as to the Labyrinthodont relationship of the 
animd. 
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26. On Strain in Connexion with CRTSTAtLizATiON and the Develop- 
ment of Perlitic Structitre. By Frank Ktttley, Esq., F.G.S., 
I-Ajcturer on !Mineralop^y in the Normal School of Science and 
Boyal School of Mines. (Head. March «5, 1884.) 

[Plate XVriT.] 

In a paper on “ The lilicroscopic Structure of the Vitreous Bocks of 
Montana, IJ. S. A./' read in connexion with a paper u])on the mode of 
occurrence of those rocks by Mr. »T. Kcclos, and since published in 
the Quarterly Journal of this Society (vol. xxxvii. p. r ^{)^ ), I had 
occasion to allude to a peculiar phenomenon of depolarization in the 
little grains of obsidian constituting a rock which was very aptly 
called obsidian sandstone by the officers of the U. S. Geological Survey. 
I there pointed out the relation which the depolarization bore to 
the perlitic structure visible in the little obsidian fragments, and 
also indicated the probable connexion of these strains in the glass 
with the development of crystals. 

The following notes may serve still more clearly to verify the 
statements then made. 

The present observations wore made upon a small but thick slice 
of obsidian from Java, given me some years ago by Prof. W. 
Chandler Boberts. On examining this section under the microscope, 
in plane polarized light, a considerable number of crystals may bo 
seen, and in nearly every instance the surrounding glass, where it 
comes in contact with the crystal, shows very well-marked de])olari- 
zation, which I think I might say, without any doubt, is due to the 
tension or strain produced in the glassy obsidian by the develop- 
ment of crystals or by a strain preceding the development of crystals, 
as I suggested in the paper already alluded to. 

In PI. XVIII. fig. 1, for instance, we see portions of a crystal firound 
which there is a nimbus of double refraction barred by dark radially 
disposed brushes. In drawing this and all the other figures the 
nicols were kept crossed in the position of a St. George’s cross ( 4- ). 
Fig. 2 shows a small opaque crystal resembling a cube or an octa- 
hedron, I could not ascertain which. Around this, again, there is a 
fringe of double refraction traversed by a dark cross. In fig. 8, 
again, the crystal is surrounded by a border of depolarizing glass, 
glass which depolarizes because it is in an abnormal condition of 
tension, and the dark arms, as in the preceding figure, are four in 
number ; but in this instance they do not form a symmetrical cross. 
Some of the strains, as evinced by the depolarization figures in the 
specimen, are very irregular, and the irregularity appears some- 
times to be caused by the proximity of one strain-begirt crystal tc 
another. 

In fig. 4, we see a very interesting example of a crystal which ii 
only about one third environed by a perlitic fissure. Where tb 
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fissure comes, there the depolarization ends abruptly, but the re- 
mainder of the depolarizing area shades off gradually. 

Fig. 4a represents the same crystal as seen by ordinary trans- 
mitted light. The extent of the perlitic fissure is shown on the 
right-hand side of the crystal. This crystal, like some others in the 
section, has a rounded or spheroidal form. 

I may hero mention that, in a piece of plate glass given me by 
Mr. W. Douglas Herman, a distinct depolarization nimbus may be 
seen around a group of crystallites when the nicols are crossed ; and 
this phenomenon around crystallites in ordinary artificial glass is 
well known. 

In fig. 5 we see a crystal completely surrounded by a perlitic 
fissure. The perlitic area depolarizes, but the depolarization ends 
abruptly at the fissure. In examining this section of obsidian with 
crossed nicols, one can instantly detect the position of the perlitic 
fissures by the sharp boundaries of the areas of depolarization. 

Fig. 5a is the same as fig. 5, when viewed by ordinary transmitted 
light. The perlitic fissure is shown completely surrounding the 
crystal. 

I think that these observations tend to show a definite sequence 
of events, which we may classify in the following manner : — 


A. 

1st. Development of Strain. 

2nd. „ Perlitic Structure. 

Thus we may meet with perlitic structure, without any enclosed 
crystals, but with depolarization within the perlitic area. Instances 
of this are seen in the obsidian sandstone of Montana, U.S.A. 

B. 

1st. Development of Strain 1 or development of strain and 

2 rid. „ Crystals J crystals at the same time. 

Examples of this are seen in figs. 1, 2, and 3, where the obsidian 
around the crystals shows dcjiolarization, but no trace of perlitic 
structure. 

C. 

1st. Development of Strain 1 or development of strain and 

2nd. „ Crystal J crystal at the same time. 

3rd. „ Perlitic Structure. 

In such instances we find ciy’^stals with surrounding depolarization 
areas bounded by perlitic fissures as in fig. 5, while fig. 4 represents 
the incipient development of the perlitic fissure. 

The question may be asked, Why in a depolarizing perlitic area 
may we often find no crystal developed if the strain be so intimately 
connected with the development of a cr^^stal ? 

This is not quite an easy question to answer. 
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26. On Strain in Connexion with Crystallization and the Beyelop- 
MEKT of Perlitic Structitre. Bv Frank Kutley, Esq., F.G.S., 
liccturcr on i^tiiieralogy in the Normal School of Science and 
Boyal School of 'M ines. (Head . 31 arch 6, J 884 . ) 

[Platb XYIII.] 

In a paper on “ The 3Ticroscopic Structure of the Vitreous Bocks of 
Montana, TJ.S. A.f read in connexion with a paper upon the mode of 
occurrence of those rocks by 3lr. T. Ecclcs, and since published in 
the Quarterly Journal of this Society (vol. xxxvii. p. I had 

occasion to allude to a peculiar phenomenon of depolarization in the 
little grains of obsidian constituting a rock which was very aptly 
called obsidian sandstone by the officers of the U. S. Geological Survey. 
I there pointed out the relation which the depolarization bore to 
the perlitic structure visible in the little obsidian fragments, and 
also indicated the probable connexion of these strains in the glass 
with the development of crystals. 

The following notes may serve still more clearly to verify the 
statements then made. 

The present observations wore made upon a small but thick slice 
of obsidian from Java, given me some years ago by Prof. W. 
Chandler Boberts. On examining this section under the microscope, 
in plane polarized light, a considerable number of crystals may bo 
seen, and in nearly every instance the surrounding glass, where it 
comes in contact with the crystal, shows very well-marked de])olari- 
zation, which I think I might say, without any doubt, is due to the 
tension or strain produced in the glassy obsidian by the develop- 
ment of crystals or by a strain preceding the development of crystals, 
as I suggested in the paper already alluded to. 

In PI. XYIII. fig. 1, for instance, we see portions of a crystal c'lround 
which there is a nimbus of double refraction barred by dark radially 
disposed brushes. In drawing this and all the other figures the 
nicols were kept crossed in the position of a St. George’s cross ( 4- ). 
Fig. 2 shows a small opaque crystal resembling a cube or an octa- 
hedron, I could not ascertain which. Around this, again, there is a 
fringe of double refraction traversed by a dark cross. In fig. 8, 
again, the crystal is surrounded by a border of depolarizing glass, 
glass which depolarizes because it is in an abnormal condition oi 
tension, and the dark arms, as in the preceding figure, are four in 
number ; but in this instance they do not form a symmetrical cross. 
Some of the strains, as evinced by the depolarization figures in the 
specimen, are very irregular, and the irregularity appears some- 
times to be caused by the proximity of one strain-begirt crystal tc 
another. 

In fig. 4, we see a very interesting example of a crystal which i 
only about one third environed by a perlitic fissure. Where thi 
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fissure comes, there the depolarization ends abruptly, but the re- 
mainder of the depolarizing area shades off gradually. 

Fig. 4a represents the same crystal as seen by ordinary trans- 
mitted light. The extent of the perlitic fissure is shown on the 
right-hand side of the crystal. This crystal, like some others in the 
section, has a rounded or spheroidal form. 

I may hero mention that, in a piece of plate glass given me by 
Mr. W. Douglas Herman, a distinct depolarization nimbus may be 
seen around a group of crystallites when the nicols are crossed ; and 
this phenomenon around crystallites in ordinary artificial glass is 
well known. 

In fig. 5 we see a crystal completely surrounded by a perlitic 
fissure. The perlitic area depolarizes, but the depolarization ends 
abruptly at the fissure. In examining this section of obsidian with 
crossed nicols, one can instantly detect the position of the perlitic 
fissures by the sharp boundaries of the areas of depolarization. 

Fig. 5a is the same as fig. 5, when viewed by ordinary transmitted 
light. The perlitic fissure is shown completely surrounding the 
crystal. 

I think that these observations tend to show a definite sequence 
of events, which we may classify in the following manner : — 


A. 

1st. Development of Strain. 

2nd. „ FerHtic Structure. 

Thus we may meet with perlitic structure, without any enclosed 
crystals, but with depolarization within the perlitic area. Instances 
of this are seen in the obsidian sandstone of Montana, U.S.A. 

B. 

1st. Development of Strain 1 or development of strain and 

2nd. „ Crystals J crystals at the same time. 

Examples of this are seen in figs. 1, 2, and 3, where the obsidian 
around the crystals shows dcj)olarization, but no trace of perlitic 
structure. 

C. 

1st. Development of Strain 1 or development of strain and 

2nd. „ Crystal J crystal at the same time. 

3rd. „ Perlitic Structure. 

In such instances we find ciy’^stals with surrounding depolarization 
areas bounded by perlitic fissures as in fig. 5, while fig. 4 represents 
the incipient development of the perlitic fissure. 

The question may be asked, Why in a depolarizing perlitic area 
may we often find no crystal developed if the strain be so intimately 
connected with the development of a cr^^stal ? 

This is not quite an easy question to answer. 
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We have in this very rock which wo are now discussing the most 
distinct evidence that strain produces pcrlil ic fission and that strain 
accompanies crystallization. 

The perlites of Hungary, Saxony, and other countries are filled 
with closely packed perlitic fissures ; but the perlitic areas seldom 
environ one particular crystal. They cut indifferently across 
streams of microlitlis, and it is evident that the contraction which 
gave rise to the jxjrlitic structure is quite unconnected with crys- 
tallization, HO far as we can sec^ being analogous to the spheroidal 
structure in basalts and ]»honolit(^s, as ])ointed out long ago by 
IVofessor llonney. 1 think if we regard the development of a 
crystal as the occasional m<‘ans of augmenting strain round about 
it,* or of d(jV(.‘lo])irig str;iin wlicrc all wms pn‘viously in equilibrium, 
we shall not 1)0 veny far from the truth. 

Perlitic structure can be set up in a vitreous rock without the 
interv(mtion of ervs1.nl lization ; but if perlitic structure and sporadic 
cr^.stals be synchionously d(‘velo])ed, an intimate connexion be- 
tween tin; om^ and th(‘ oilier ^will then, I tliink, be found to exist. 

TIum, again, in tb(‘ jun-iile of Schemnitz ihere are crystals of felspar 
and mica against which tin? perlitic fissures a])ut ; but these fissures 
do not traverses the crystals, iior do we find any of these crystals 
lying within definite lissure-botii darios of ilieir own. There is other 
evidence also which jirov(‘s lieyond quoslion that these crystals 
exisi.ed in the rock heibn* any ])erliiic structure was developed. In 
the j)orphyritic jiitchstone of Sp(‘chihaus(‘n,near Tharaudt,in Saxony, 
we may meei with lilile fragments of rock and broken crystals, and 
these are very commonly closely wrapjiod round by minute curved 
cracks in the contiguous glass, which closely n'semblc perlitic fissures. 
Y(^i, in such a case the cracks are more probably duo to sudden 
cooling of the lioatod glass liy contact with colder bodies, such as the 
fragm tails of crystals and roths, which wo must regard as volcanic 
(vjecia, or as inhbisli taken up hy the molten lava. 

W e see thfii strains may occur in glass without the development 
of perlitic structure. 

It seems to be a question of the extent of the strain, whether or 
not actual ruptui’e ensues. If the tension bo tolerably equal around 
any particular point, there will be a surface .of tension-limit which 
will be ajqu'oximately a sphere; and when that limit is reached 
rujituro will follow, and perlitic structure will be the result. 

Finally, when the strain is associated with the development of a 
cr}’8tal it may not be sutiiciently intense to bring about perlitic 
structure, and may merely cause a nimbus; but, should it be 
powerful enough to induce rupture, then the perlitic fissure will 
encircle the crystal. 

In perlites, such as those of Schemnitz, where there is no relation 
between the perlitic structure and the minute porphyritic crystals, 
or between the perlitic structure and the fluxion -banding, we 
shall, I think, find, as I suggested in a paper long ago, and as I 
believe Professor Bonnoy did before me, that the perlitic fissures lie 
packed between rectilinear fissures along which we may assume 
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that cooling has taken place. The main point demonstrated in 
these notes is, that when a crystal is developed in a vitreous magma, 
the strain accompanying its development influences the adjacent 
vitreous mass, reducing it to a condition of permanent tension for 
some distance around the crystal, and that if this strain be ijisuf- 
ficiont to cause rupture in the glass, the tension gradnalhj decremes 
and fades away, while if it be strong enough to produce a perlitic 
fissure, the permaneri« tension will end ahrnptly at the fissure., the 
glass which surrounds the perlitic area showing no trace of tension. 
It seems therefore probable, if not certain, that perlitic structure 
may be developed in three ways, in each case strain or tension being 
the primary cause of the perlitic structure, whatever may be the 
cause of the strain. 

Isi way. Cooling along minute fissures. This seems to be the 
usual way where the perlitic structure pervades the whole 
rock, as in perlites. 

2nd imy. Cooling around included fragments taken up in a lava 
flow. This seems to bo merely a marginal structure connected 
with the fragments, and not aifecting the rest of the rock. 

*drd ivay. By the tension in the surrounding mass when a crystal 
is formed ; the formation of a crystal not necessarily involving 
perlitic fission. 

Of course there is always the question whether the crystals were 
developed before, at the same time as, or after, the solidification of 
the glass. I am inclined to think that a crystal which has a de- 
polarizing nimbus has boon developed at the time when the sur- 
rounding vitreous matter was in the act of solidifying. 

Before, however, expressing a positive opinion upon this point, it 
is desirable that a large number of observations should bo made 
upon thick slices of vitreous rocks. 

At ]), ()0 of the late Hermann Vogelsang’s ‘ Krystalliton ’ will 
be found a very clear record of his observations on the depolarization 
around certain crystallites which he found in samples of window- 
glass from the Stolberg works. 

With regard to the development of structures in glass along 
fissures, the following observations may possess some interest. 
Fifteen or twenty years ago a house was burnt down in the market- 
place at Hover ; a small piece of plate-glass from one of the windows 
is seen, when closely examined, to bo traversed by minute, irregular 
cracks like those in the artificially cracked, carmine-stained quartz 
of the French jewellers, known as rubace. When examined under 
the microscope, between crossed nicols, these cracked surfaces appear 
to be studded with great numbers of beautiful little spherules with a 
radiating crystalline structure, each traversed by the usual dark 
cross. That they follow the cracks is evident, because one has to 
focus down to them in tracing the crack from the upper surface of 
the glass downwards. They are, however, really circular crystalline 
films like little flat wheels lying on the cracked surfaces of the glass. 
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The phenomenon is superficial and seems only to follow the cracks. 
We may feel tolerably sure that the glass was not cracked in this 
manner before the house was burnt. The cracks are precisely such 
as would be produced in glass or rock crystal by heat, and subsequent 
immersion in a cold solution ; and these conditions would, in this 
case, be fulfilled by the fire and the play of water from the firtf- 
engines. Whether these little circular crystalline aggregates repre- 
sent crystallization set up actually in the glass, or result from the 
crystallization of some substance other than that of the glass, intro- 
duced in solution into ihe fissures, I am not prepared to say. How 
far water lias taken a part in the j>roduction of spherulitic andperlitic 
structures in vitreous rocks is a (juestion yet to he ascertained ; but 
it is well known that ]>erlites contain from 2 to 4 per cent, of water. 
A.n analysis by llichi-cr of the Spec.hthausen pitchstone given in 
Roth’s ‘ Gestcin s Analyscn ’ (Berlin : iHOl), shows the presence of 
•>*5 piT cent, of watei-. while another analysis by Erdmann of a 
sphenilitiJ from lh(‘ ])it(‘hstone of the same locality shows only *»3 jier 
cent, of water. 1 1 a[>p(!:irs, iJien, that the spherules thcmscdves contain 
less wat(‘r than the surrounding glass. To follow this subject one 
step furth(‘r, 1 may mention thatin a section of perlite from Ruschbad, 
near Meissen, tin*, perlitic; fission is rendered visible between crossed 
nicols by strings of (loul)ly refracting sjiherules which closely follow 
the cracks : whik) in another section of perlite from Schemnitz the 
])crlitic fissures are also luminous between crossed nicols ; but the 
character and dis])osition of the crystalline particles cannot be 
resolved with a ^-ineh oljeetive. A section cut from the weathered 
surface of a s]>ecimen of ])itchstone from Monamore Mill, in Arran, 
is very inslj’uetiv(‘. A sjherulitic structure pervades the Avhole 
section, l)u<- it especially fiivours very' fine cracks which run in 
difierent dinadions but ‘in tolerably straight lines through the pre- 
paration, and along these cracks the s])herules are very thickly 
(dusten^d. 4 liere are a lew fels])ar crystals in this section, and around 
them the spheru](‘s have* also collected in swarms, each crystal, or 
group of crystals, having a well-defined border of them. The 
ground-mass of the section consists of a browiiisli glass thickly^ 
charged witli hue dusty' matter and small sjueules. If we assume 
that access^ of water along the fissures has had anything to do with 
the formation of the spherules, we hjivc to face the question how 
it is that the felspar crystals sire also bordered by them, and how it 
is that isolated spherules occur ])lentifully in the ghissy' ground- 
mass. M e may imagine the existence of diminutive fissures 
close around the crystals of which all evidence is obliterated 
by the sphenditic cry’s tallizatioii : but we find isolated spherules in 
obsidians which, in thin section, are as clear as window-glass and 
where there arc no traces of even microscopically small cracks. 
Clearly, then, we must regard the spherules in the same light in 
which we regard the individual porphy’ritic crystals which are 
formed in a glassy magma in a manner which appears to us utterly 
^pricious. As with the spherules, so with the more definitely 
developed crystals, there is always a tendency to segregate around 
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some larger body* As for the cracks, those have generally been 
formed after the porphyritic crystals, but often before the spherules ; 
otherwise why should the spherules cluster along them ? We do not 
always know whether they have been developed exactly where we 
find them, nor do we know what facilities the rock may have 
forded for their locomotion at different periods of its history. What 
we really do know from actual observation is this ; — 

That a rock may consist entirely or almost entirely of spherules. 

That a rock may have spherules irregularly distributed through it. 

That the spherules may range themselves in definite lines without 
any apparent guide-line, as wo sec in some vitreous lavas ; in fact 
the spherules floated at certain levels 

That the spherules may collect around isolated crystals or around 
groups of crystals. 

That they may collect along cracks. 

That in some vitreous rocks their development almost exclusively 
along cracks indicates that they have been formed subsequently to 
the solidification of the rock. 

In other instances where they are elongated, as in some lava-flows, 
the evidence is equally strong to prove that they wore formed be- 
fore the lava solidified. 

Finally, spherules may cause the the devitrification of a rock after 
it has solidified and after pcrlitic fission has supervened. Of this 1 
lay before you the most incontestable evidence in a section of de- 
vitrified jierlitic obsidian now fclstone, from the northern end of 
the Long 81cddale valley, in Westmoreland (Ifl. XVllI. fig. 6). It is 
a lava associated with the Coniston Limestone. In the microscopic 
section maj" be seen : — 

1. Fluxion-bands. 

2. Perlitic structure traversing these bands. 

3. Minute spherules constituting the whole rock, so far as 
spherules can do so, and passing through the j)orlitic fissures. 

4. Subso(juent fractures. 

5. Formation of quartz veins along these lines of fracture. 


EXPLANATION OF PLATE XVIII. 

(In each case the nicols are crossed thus, +) 

Figs. 1. 2, o. Lt'polarizatiou urouiid crystals in obsidian from Java: x 32. 

Fig. 4. Depolarization, the de 2 »olarization ending abruptly against a perlitic 
crack, which only partly surrounds tlie crystal : X 32. 

4 a. The same crystal and crack seen by ordinary transmitted hght; X 32. 
5. Crystal completely surrounded by perlitic crack which bounds depola- 
rization-area : X 32. 

* Since perlitic structures are met with in all vitreous rocks, it would 
j)erhaps be well if the term perlite were abolished as a rock name, and the 
adjective perlitic prefixed instead to the rocks in wliich such . structure occurs. 
This, indeed, is suggested to some extent by Prof. Judd and Mr. Cole in their 
paper upon basalt-glass ; but they there propose to retain the noun instead of 
employing the adjective. 



346 OH a3SPAIH% OOirHEXIOH with cbtstaliization etc. 

Rg. 6 a. The same omtal and crack seen by ordinary transmi tted light : x 32. 

6. Perlitic obsidikn devitrified by spherules, Comston-Limestoue horizion, 

Tiirs Hole, Long ISleddale, Westmoreland : X 77. 

Upper portion seen between crossed nicols. 

Lower portion seen by ordinary transmitted light. 

For the sake of clearness the cracks are slightly intensified in the 
upper half of the drawing. ^ 

7. Depolarization around a crystal of ilmenile in obsidian. Mount Shasta, 

California. 

This crystal had not been observed at the time wlien the paper was 
read. The figure is now added as an additional illustration of what 
is seen in fig. 2. By reflected light the crystal is seen to bo partly 
altered into leucoxene. 


Discussion. 

Mr. Bauerman asked if there were any evidence of marked dis- 
similarity in composition between the glass and the crystal in the 
centre. If there were none, the strain might be the result of sur- 
face-tension about the crystal. Ho remarked on the value of the 
use of microscojnc sections of considerable thickness. 

The Bresidjont had no doubt that in these porphyritic obsidians 
tho crystals were Ibrmed before the consolidation of the glass, and 
wore simjdy floating in it. He tliought that perlitic structure can bo 
produced, without the existence of any preexisting cracks, by the 
contraction of a uniform mass. The contraction of a perlitic 
granule, with or witliout a crystal in its midst, would result in a 
state of stress within it. 8pherulitic structures are of two different 
kinds, namely, with and without definite boundaries ; and ho j)ointed 
out tho circumstances under which these would be likely to be pro- 
duced. 

The Author believed that in some cases tlierc might bo much 
truth in the opinions expressed both by tho President and by Mr. 
Bauerman, and was quite ready to admit that similar results might 
possibly bo brought about in various ways. 
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26. On a new Specimen o/MEOALiciiTHYs/rom the Yorkshire Coal- 
field. By Prof. L. C. Miall, F.G.S. (Bead April 2, 1884.) 

A large and unusually complete example of JSIajalichthys HihbeHi 
was lately found in the roof of the Halifax Hard Bed at Mr. F. B. Elli- 
son’s Firebrick Works, Idle, near Leeds, by Mr. Andrew Oldroyd, The 
fossil, which was presented by Mr. Ellison to the Museum of the 
Leeds Philosophical and Literary Society, is externally in good 
preservation and but little disturbed ; the ventral surface is upper- 
most, and the pectoral, ventral, anal, and caudal fins can be more or 
less satisfactorily made out. The dorsal surface and vertebral column 
arc altogether absent; but nevertheless this specimen gives more 
information concerning AlegalicMhys than any other which has 
come to my knowledge. Quite unusual pains were taken by Mr. 
Oldroyd to recover every fragment of the fish. The remains measure 
3 feet 8| inches in length, of which the head includes about 10 
inches and the tail about a foot ; 5 or 6 inches ai)poar to be wanting 
from the end of the tail. The fine skull of AleyaliclUhyi^ figured by 
Agassiz in the Poissons Fossiles and stiU in the Leeds Museum, is 
a trifle larger than the corresponding part of the new specimen. 
Meyalichthys may therefore have attained a length of from 4 to 5 
feet. 

The skuU of the fossil now under description sliows the mandible 
and mandibular teeth, a little of ihe fore end of the snout, the 
oporcula and the jugular plates ; but no novel feature is thereby 
brought to light. 

The pectoral fins are quite distinct and nearly in the natural 
position. The left fin shows uninistakabl}' the “obtuse lobate” 
character previously suspected to obtain in this genus t, but not, so 
far as I Know, distinctly seen in any specimen hitherto described. 
Large basal scales or fulcra (figs. 2, 3, h, h,) lie on either side of each 
pectoral fin. 

The ventral fins are abdominal, as in all Ganoids which possess 
them. The right fin is the best preserved, and shows pretty plainly 
the arrangement of the scales, which in turn gives a clue to the 
disposition of the underlying bones or cartilages. The base of the 
fin is invested by large scales, which are continued in a narrow 
patch along the internal or postaxial border (fig, 4 m, j)t,) ; along 
the outer or preaxial border, which meets the other at an acute 
angle, is a shorter series of large scales (p. pi.). The space between 
these two rows is occupied by much smaller scales in many parallel 
series. If we suppose that in Aleyalichthys, as in other fishes with 
lobate fins, the large scales invest the more rigid, and the small scales 
the more flexible parts, the skeleton of the ventral fin must have 

* Vol. ii. pi. 63 and 63 a. 

t Huxley, Mem. Geol. Survey, dec. x. p. 12 (1861). 



Fig. l.—Sfmmn 0/ llegalichthvs Hibberti, seen from th ventral surface 
(One-sixth the natural size.) 



h, h. Basal scales or fulcra. 


Fig. 3. — Right Pectoral Jin. (One half natural size.) 



h. Basal scale. 


closely resembled that of some Elasmobranchs (fig. 5). The rows of 
large scales concealed a strong propterygium and metapterygium, 
while numerous radials, covered by small scales, proceeded from the 
outer edge of the metapteiy^gium. The Elasmobranch type of 
ventral fin, thus closely reproduced in Megalichihys^ may be traced, 
though with important modifications, in Polypterus^ Polyodon, and 
Acipenser. In other recent Ganoids and in Teleostei the ventral fin 
differs almost as widely from the Elasmobranch type as does this 
from the archipterygium of Geratodus or Dipterus. 

Q.J.G.S, No. 159, 


2b 






350 


PBOF. L. 0. KJALL OK JL MEOAUCHIHIB. 


Fig. 4 . — Ventral Jins and pelvic scales o/ Megalichthys Hibberti. 
(One half natural size.) 



Fig. 5. — Ventral Jin of Torpedo. 



nt.pt. Metapterygium. 
^t, Propterj’^gium. 
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Betrreen the ventral fins are three larf?e scales, one median and 
two lateral, which may be called the pelvic scales (fig. 4 p'). 

On the left side of the median scale and of the middle line of the 
body lies what I take to be the anns, distended with fossil faeces. 
It is quite plain that the anns does not lie immediately in front of 
the anal fin, as in Lepidosteus and other recent Ganoids, but is 
associated with the pelvis and ventral fins in a manner not uncommon 
with Teleostei ; in some of which, indeed, the anus follows the 
ventral fins, even when they are shifted to a thoracic or jugular 
position. 

The anal fin has also its pair of large basal scales (fig. 6 6, h). Of 
the caudal fin but little can be made out, and it is uncertain 

Pig. 6. — Anal jin of Megalichthys Hibberti, the very convex surface 
represented as plane, (One half natural size.) 



whether, as in Osteolepis and Diploptcrus^ fin-rays proceeded from 
the upper as well as from the lower surface*. 

There are indications of the underlying skeleton behind the skull 
and in the neighbourhood of the paired fins ; what seems to be the 

* Since this paper was sent in, Pr. Traquair has described and figured the 
tail of MeqalicMhys {'Proc. R. Pbys. Soc. Edin. vol. viii., and Geol. Mag. March, 
1884). It “ may be said to be somewhat intermediate between the diphycercal 
and heterocercal types ; at least it is not quite so heterocercal as that of Osteo^ 
lepiSf and in general form reminds us of that of Tristichopterns. Rays arise 
from both tlie upper and lower margins of the body-continuation, but those of 
the lower side commence in adyance of those of the upper.” 
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left davicle is plainly visible beneath the left pectoral fin; but 
JLothing admitting of definite description can be made out. 

All the features of the present fossil confirm the opinion long ago 
expressed by Pander* and Huxley t as to the near affinity of 
MegalicMhys to Osteolepis and Diplopteriis, 

Discubsiok. 

Prof. Seeley remarked, that it was but seldom that so much was 
added to our knowledge of a long-known type, especially from a 
single specimen. Por his own part, he could only offer his personal 
thanks to Prof. Miall for bringing so interesting a specimen under 
the notice of the Society, and for the valuable addition that he had 
made to our acquaintance with the characters of Megalichthys, 

Mr. Etheridge expressed a hope that in his paper Mr. Miall 
would furnish further details of the structure of the fins, to which 
especial interest attached. Specimens of Megalichthys are, as is 
well known, exceedingly rare ; so important a discovery as the present 
should be fully described and figured. 

The Author briefly replied. 

* Die Saurodipterinen, Dendrodonten, Glyptolepiden und Cheirolepiden des 
devonischen Systems, p. 12 (1860). 

t Mem. Geol. Survey, dec. x. (1861). 
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27. A CoMPABATiVB and Cbitical Eevisiou of the Madbbpobabia 
of the White Lias of the Middle and Wi&stebjs CouirriEB of 
England, and of those of the Conglomebate at the hose of the 
South-Wales Lias. By Eobebt. E. Tombs, Esq., E.G.S. (Eead 
March 19, 1884.) 

[Plate XIX.] 

The purpose of the present paper is a twofold one — to point out the 
identity of certain Madreporaria from the Ehaetic White Lias of 
Warwickshire and the Western counties with species from the 
South- W’ales Liassic Conglomerate, and to show that a greater 
number than baa been supposed are identical also with corals from 
the St. Caasian beds. 

In 1878, when my paper on Liassic Corals was published in the 
Society’s Journal*, I thought I had exhausted the whole of the 
material at command. However, a recent examination of Prof. 
Duncan’s types of species of Madreporaria from the Glamorganshire 
Lias, collected by the late Mr. Moore, and now in the Bath Museum, 
and the acquisition of a considerable collection made at Sutton 
during the present year (1 883) by my friends Mr. W.C. Lucy, E.G.S., 
and Mr. T. J. Slatter, E.G.S., and by myself, has led me to re- 
examine the several species. The results of such examination I 
now lay before the Society ; but before doing so, it is desirable that 
I should briefly notice the several papers which have appeared on 
the subject. Unfortunately the greater part of them are so far con- 
troversial, and even contradictory within themselves, as to render 
their conclusions, to ray the least of it, far less valuable than they 
otherwise would have been. 

In 1803 I published, in the ‘Proceedings of the Cotteswold Natu- 
ralists’ Eield Club,’ a brief notice of the South-Wales Lower Lias, 
in which, on account of the presence of the supposed Ehaetic oyster, 
Plicatula intusstriata^ 1 claimed for the basement-beds a date corre- 
sponding to the Ehaetic age. A communication on the same subject 
by the late Mr. Tawney was read at one of the meetings of the 
Geological Society, in 1865, in which the whole of the conglomerate 
beds of Sutton and Dunraven and other places in South Wales were 
declared to be Ehaetic f. Shortly afterwards papers on these same 
deposits were contributed by Mr. Moore J, Mr. Bristow §, and Mr. 
Tate II, and published in the Journal. In all of them these con- 
glomerate beds, observed at the base of the Glamorganshire Lias, 
were stated to be nothing more than true Lias. Of these latter 
contributions, by far the most valuable is the one by Mr. Tate, his 
conclusions being chiefly derived from palaeontological evidence. In 

♦ Quart. Journ. Geol. Soc. vol. xxiiv. p. 179. 
t Vol. xxii. p. 69, 1866. Eead December 6th, 1865. 
i Vol. xxiii. p. 449, 1867. Eead March 20th. 1867. 

§ Vol. xxiii. p. 199, 1867. Eead March 20th, 1867. 

II Vol. xxiii. p. 305, 1867. Eead May 22nd, 1867. 
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this paper a list of the Sutton-Stone fossils is given, amended accord- 
ing to Mr. Tate’s own determination of the species. These, as 
decided by him, represent a fauna which is wholly Hettangian, 

In none of the above papers was the evidence afforded by the 
Madreporaria taken into account. That deficiency I now propose 
to make good ; but before doing so, I wish to offer some remarks on 
the value of the evidence derived from them. Possessed of no 
powers of locomotion, and being especially impatient of changes of 
surrounding conditions, corals speedily give way to, and are de- 
stroyed by, alterations affecting unfavourably the purity of the sea 
around them, and in which they, have flourished. And supposing 
that existing coral islands and atolls, such as those of the Pacific, 
became imbedded in the strata of some future formation, it is ob- 
vious that they could not be of the age of such deposit, but that they 
would be actually contemporary with the surface of the existing sea- 
bottom around them. Unless, therefore, the layer in which they 
were imbedded should be broken up, and, with its enclosed organisms, 
redeposited, such remains as corals should not properly be taken as 
directly indicating the age of the deposit, but rather as pointing to 
the date of an interval between the older formation on which they 
took their growth and the succeeding and overlying stratum in which 
they would be imbedded. Precisely the same thing would occur 
with coral-banks or with species scattered over a sea-bottom, as with 
reef-builders ; and it follows as a necessary consequence that corals, 
unless removed from the place of their growth, cannot properly 
represent any thing more than a period during which very little 
deposition took place. Tested by the above considerations, as well as 
by the affinities of the species themselves, to be hereafter mentioned, 
many, though not, perhaps, all of the corals found in the Sutton 
Stone, if not also those of the Brocastle conglomerate, must be as- 
signed to a period antecedent to that at which those beds were 
formed. 

Amongst the genera adopted by Prof, Duncan for the reception 
of Madreporaria from Brocastle and Sutton are some which, in my 
opinion, demand considerable revision, and I have accordingly made 
some changes in their nomenclature. Most of the so-called Astro- 
coenicB from those localities appear to me to appertain to the genus 
Etylastrc^a of M. de Fromentel. Cyatlioccmia of ^ Prof. Duncan 
I regard as identical with the genus Phylloooenia^ as applied to a 
St. Cassian coral by Laube, though quite distinct from the Tertiary 
and Cretaceous Phyllocoenice. Of course Prof. Duncan’s name must 
be adopted, and, if I am right in my determination, it must hence- 
forth be recognized as a Triassic as well as Liassic genus. Some of 
the MontlivalticB from the South Wales deposits, from which Prof. 
Duncan’s figures were taken, are either so young or so ill preserved 
as to be wholly useless for specific description. Such are Mont- 
livaliia parasitica^ M. brevis, and M. Murchisonice. The peculiarity 
observed in the costae of the last-named species is wholly due to the 
state of preservation of the specimen from which the description 
was taken. The supposed cost© are, indeed, nothing more than an 
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infilliug of stony matter into the interseptal loculi, which has been 
laid bare by the removal of the wall, and thus appears in the form 
of rounded cost®. Specimens of MontUvaltice in a corresponding 
condition to that of M. Murchisonice are by no means uncommon 
in the Lower Trigonia-gnt of the Inferior Oolite in the neighbour- 
hood of Cheltenham. Montlivaltia jpolymorpha and M, pedunculata 
are nothing more than fragments of composite genera, which will 
be hereafter mentioned. Thecosmilia similis is another species of 
which nothing definite can be said, owing to the unfavourable state 
of preservation of the type specimen. Of Astroccenia favoidea and 
A. sinemuriensis, introduced by Prof. Duncan into the list of British 
species, I am unable to speak ; nor can I give any opinion on the 
coral described, but not figured, by that zoophytologist, under the 
name of Latimceandra denticulata. 

Corals of the Wh\U Lias. 

Throughout a great part of the area in Warwickshire which is 
occupied by the Lias, the White Lias, or upper part of the Rhsetio 
formation, is seen underlying it, and in many places is found to be 
very fossiliferous, the fossils usually being in a bad state of preser- 
vation. The few remains of corals observable in it, though in some 
instances fairly preserved, are much more frequently mere impres- 
sions of their c^iccs. That some of these are identical with St. 
Cassian species I shall endeavour to show, and at the same time 
point out their identity with species which have been described by 
Prof. Duncan from the Sutton Stone of Glamorganshire. 

The localities in Warwickshire where the White Lias may be 
most satisfactorily studied are in the neighbourhood of Kugby, 
Southam, Loxley, and Eatington. West of the river Stour, which 
passes into the Avon about a mile from Stratford-on-Avon, the White 
Lias is not seen, excepting at a few points in the county and the 
adjoining county of Worcester, as at Wimpstoiie, Crimscot, and 
Armsoot. It is worthy of remark that, whenever in the district 
above indicated the lower part of the llhsetic deposit has been ex- 
posed and examined, it is seen to be of an arenaceous nature and 
almost wholly without organic remains. At a few places only is 
this condition reversed, and its usual sandy nature indicates that it 
was deposited near to a coast-lino and in shallow water ; while the 
existence of some highly conglomeratic beds in the lower part of the 
overlying White Lias points to nearly the same conclusion Almost 
the whole of the Madreporaria I have collected from the last-men- 
tioned formation in Warwickshire have been taken from these lower 
conglomeratic beds ; but I believe that the small discoid Montli'- 
valtia I have distinguished by the name of M. rhcetica occurs a 
little higher up than the others. 

A few miles to the westward, in the neighbourhood of Stratford- 
on-Avon, the White Lias is wholly wanting, and other beds come 

* See some remarks on the slow deposition of the White Lias by the late 
Mr. 0. Moore, in the 17th volume of the Quarterly Journal of the Geological 
Society, p. 496. 
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in which do not occur where the White Lias is present. These are 
the finely laminated shale and stone beds of the Planorhie series, 
and the underlying and subcrystalline 0«tr^a-beds. Immediately 
below the latter is the “ Guinea ” bed, which takes exactly the same 
place at the top of the KhuBtic series which the White Lias does, 
and moreover is, like the lower part of that deposit, often highly 
conglomeratic. Erom its position, its lithology, and the occurrence 
of Thecosmilice in it, I believe that it corresponds in time with the 
White Lias, and is, in fact, the attenuated northerly extension of it. 
I shall further on show, when speaking of the South-Wales Lias, 
how nearly it also corresponds with a bed of conglomerate quite at 
the bottom of the formation at the Stormy Cement Works, near 
Pyle. 

I am unable to trace the exact stratigraphical position of the 
Madreporaria in the beds of the White Lias through the western 
counties of England, but I may call attention to a section at Steven^s 
Hill, near Long 8utton, Somersetshire, given by the late Mr. Moore, 
in which a species of branching Thecosmilia was found in great 
abundance in one of the lower beds by my late friend Mr. J. W. 
Kirshaw and myself *. The position of the coral at that place ap- 
pears to correspond with the position of the Thecosmilia in the 
White Lias of Warwickshire. 

The corals I have met with from the White Lias up to the present 
time are : — Montlivaltia rhoetica^ Tomes, Thecosmilia rugosa, Laube, 
Thecosmilia Hornesii^ Laube, Thecosmilia conjiuens^ Laube, and the 
branching Thecosmilia from Long Sutton, to which I am unable 
at present to give a name. These, it will be observed, are all 
Rheetic species ; none of them, unless it be the last named, ever 
occurring in the true Lias. With the Mollusca it is quite different, 
nearly the whole of the species being found also in the zones of 
Ammonites planorhis and angulatm. 

Indeed it may be asserted of the Warwickshire White Lias that 
while it and the Sutton Stone have a coral fauna much resembling 
that of the St. Cassian beds, the Molluscan remains in the former, 
and perhaps also in the latter, are essentially Hettangian. In this 
respect therefore they have no close relationship with the St. Cassian 
deposits. But it is desirable to note that in the White Lias of the 
western counties some of the mollusca are exclusively Rhaetic. Yet 
the stratigraphical position of the Warwickshire and Somersetshire 
White Lias is the same, and there are not two opinions as to their 
forming part of the Rhaetic formation. Regarded as the upper part 
of it, and as a transition into the true Lias, such differences are 
nothing more than may be anticipated. 

The Brocastle and Sutton Conglomerates, 

I had the advantage of an examination of the conglomeratic bed 
at Brocas tie so long ago as 1863, when I visited the locality under 
the guidance of the late Mr. Moore ; but I failed at that time, as I 
have since failed, to come to a satisfactory conclusion respecting its 
real position between the argillaceous beds of the true Lias and the 

* See Quart. Joum. Geol. Soo. vol. xvii. p. 492. 
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Mountain Limestone against which it rests. It appeared then, as 
during the present year, when I again visited the spot, to be a drifted 
bed, perhaps only a patch, and very likely derived from the conglo- 
merate beneath the typical Lias of the district, which had been 
thrown against the slope of the Mountain Limestone previously to 
the deposition of the Lias proper, and with which the latter became 
mixed and blended. The woodcut which acompanies the late Mr. 
Moore’s account of the Lroeastlo beds seems rather to represent such 
a deposit than a more continuous one. It was probably redeposited 
where wo see it now almost coincidently with the Lias, the fossils 
of which, such as Gryphites, were then freely mixed up with it. 
That it differs greatly from the Sutton Stone 1 shall now proceed to 
show. 

An examination of the Sutton Stone in the coast-section will be 
attended with much more satisfactory results. The best place for 
examination is at a spot a few yards westward of ‘‘the caves,” 
which are between Sutton and Southerndown, at which place a 
vertical lino would, according to my view, pass through the follow- 
ing series of beds : — 

feet. 

1. A series of beds of true Lias and shale, at the bottom of which is the 

fucoid bed mentioned by Mr. Bristow. Between this series and the 
following is a thin layer of chert, the fragments of which are over- 
grown by specimens of Plicatula intusstriaia about 60 

2. Hard conglomeratic stone in layers, and containing a considerable 

quantity of choi't 8 

3. Sutton Stone, highly conglomeratic, but sometimes fine-grained. It 

is divided into two parts, the upper one being about 12 feet, and the 
lower one about 9 feet in thickncs.s about 20 

4. Mountain Limestone, on the upturned edges of which the Sutton 

Stone was deposited. 

Of the beds forming the upper two thirds of the section, I need 
only observe that their lower limit is clearly defined by the fucoid 
bed mentioned by Mr. Bristow, and by the line of fragmentary chert 
noticed both by him and by Mr. Tawncy. Hut of the series 
numbered 2, it is necessary to state that, although very decidedly 
conglomeratic, it is unquestionably true Lias, and that it contains 
characteristic Liassic fossils. The lower scries, numbered 3, that is 
to say the Sutton Stone, is quite distinct from the overlying conglo- 
meratic beds, and contains, according to my observation, a distinct 
series of organisms. My conclusion, after a careful examination, 
accords prettj^ closely with what has been shown by Mr. Tawney in 
his horizontal illustration of the coast-section, in which the Sutton 
Stone is seen to occupy but a short distance along the coast-line, and 
to dip eastward out of sight, only again to become visible when 
brought up by a fault at Dunraven Point, at which place it is dark 
in colour and hard*. At a spot only a very short distance from 
Dunraven Point eastward the same sequence of beds may be seen 
as at the caves near Sutton. It is not essential to my purpose to 
enter at length into the details of the physical geology of this coast- 
section, my present object being in great measure answered by the 

* Mr. Bristow also, in the paper already referred to, substantiates the east- 
ward dip of the button and Southerndown beds. 
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establishment of two distinct series of conglomeratic beds at the 
point mentioned. Nor will my conclusions be much aftbcted if at 
some other point these two series should bo found blended, either 
with each other or with some other beds, so long as i am able to 
show that the Sutton Stone at Sutton is distinct from the conglo- 
merate immediately overlying it. But as 1 differ so essentially in 
my interpretation of the coast-section from the readings of such very 
high authorities as Bristow, Moore, and Tate, who have declared 
their convictions that the whole from top to bottom and, I might 
even say, from end to end, is true Lias, I ought perhaps to enter 
somewhat more fully into the reasons for this difference of opinion. 
If I am right in considering with Mr. Tawney that the true Sutton 
Stone is only exposed for a short distance horizontally, it is obvious 
that the conglomerate which is seen further to the east, that is at 
Southorndown, is not Sutton Stone but the Upper Conglomerate, 
which has dipped down to the shore-level; and as it contains un- 
doubted Lias fossils, such as Ammonites and Gryphites, these would 
certainly be observable, at that spot, from the top to the very 
bottom of the cliff. It must, I think, have been this part of the 
section which engaged Mr. Bristow’s attention when he spoke of 
the rocks being so hard that ‘‘ even with the help of so experienced 
a collector as Mr. Gibbs, the number of specimens procured is but 
scanty.’’ According to my views, therefore, fossils obtained from 
any spot other than at or near Sutton are not Sutton-Stone fossils ; 
and unless I am assured that the lists of species have been drawn 
up from specimens actually collected at that place, I must still 
venture to doubt their value as evidence. 

My own examination of this fine section, unsupported by other 
evidence, would lead me to the conclusion that the Sutton Stone 
holds a position at the base of the Liassic series corresponding to 
that of the White Lias or Upper liha)tic beds. But there are other 
reasons for regarding it as holding a position below the true Lias. 
Mr. Bristow has stated his belief that a conglomerate bed in the 
bottom of the excavation at the Stormy Cement Works, about two 
miles from Pyle, is the thinned-out representative of the Sutton 
Stone, and that the bed upon which it rests represents the White 
Lias. Mr. Tawney also attributes this lower bed to the W'hite Lias, 
but appears to have overlooked the Conglomerate bed. The follow- 
ing is the section at that place, on which I wish to make a few 
remarks : — 

ft. in. 


1. Drift, with boulders of Millstone Grit 2 6 

2. Bubbly stone, much broken up, and containing Lima gigantea, 

Ammonites, and a discoid Montlivaltia 0 6 

3. Bubbly stone, similar to the last 0 6 

4. Stone much resembling the last 0 6 

5. Compact beds like the last, but divided by thin layers of shale 12 0 

6. Compact beds like the last, but containing a few examples of Osirea 

iiassica g Q 

7. Compact stone, harder than the preceding, and containing Ostrea 

Iiassica in great abundance 1 0 

8. Hard and subcrystalline stone, very closely resembling the Ostrea- 
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bed or “firestone” of Binton and Grafton, and containing *an ft. in. 

abundance of Ostrea lia^ica 1 0 

9. Hard conglomerate, in all respects like the “Guinea” bed of 

Binton 2to 3 0 

10. Fine-grained nodular limeytone, with a conchoidal fracture, and 

very much resembling the EstheriaAiQdi 1 to 2 0 

11. Dark grey Rhajtic shale 1 6 

12. Greenish compact Keuper marl forming the bottom of the pit. 

In this section the regular succession of the lower beds of the Lias 
and of the upper ones of the llheetic formation is very clearly shown. 
The conglomerate takes exactly the place heneath the Os^r^rt-beds, 
and, if 1 am right in my determination, the precise position above 
the Estheria-’hQd^ which is proper to the White Lias or its admitted 
equivalent. At any rate, the mere fact of its occurrence under beds 
which cannot be other than the O^’^rea-beds, must be taken as in- 
dubitable evidence of its position below the Hettangian series of beds. 
My own conviction is, that the conglomerate bed is the true repre- 
sentative of the Sutton Stone of Sutton and W est, of the Guinea ” 
bed of Binton and Grafton in Warwickshire, and of the White Lias 
of that county and the West of England. A comparison of the sec- 
tion at Stormy with the lower part of the section I have elsewhere 
given of the Binton Lias will show how considerable is the resem- 
blance between the twot. It will also point out the position of the 
bed numbered 10 as eorresponding with that of the Estheria-hod, 

At another locality, Laleston, similar evidence to that of Stormy 
may be found. The churchyard quarry is now nearly filled with 
rubbish, and the couglomerate is hidden ; but the beds which are 
yet visible near the top of the opening are unquestionably the 
OA■^r^a-beds, and their presence proves that at this place also the 
conglomerate is inferior to the Hettangian series J . 

I will now give an amended and comparative list of the Madre- 
poraria of the White Lias, Sutton Stone, Brocastle conglomerate, and 
of the St. Cassian beds ; but I refrain from adding for comparison 
those from the Azzarola beds, because none of them have as yet been 
met with in this country. 



St. 

Cassian. 

White 

Lias. 

Sutton 

Stone. 

Brocastle. 

Montlivaltia capita ta 

obliqua 

recLirvata 

acaulis 

crenata 

perlonga 

radiciformis 

granulata 

cellulosa 

Wallise 

♦ 

* 

* 

* 

* 

•if 

* 

* 

* 


* 


simplex 




4 


t Quart. Journ. Geol. Soc. vol. xxxiv. p. 182. 

j See Moore, Quart. Journ. Geol. Soc. vol. xsdii. p. 536, for particulars of 
the position of the conglomerate at Laleston. 
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Table (continued). 


St. White Sutton 

Cassian. Lias. Stone. 


Brocastle. 


Omphalophjllia gracilis 

boletilbrmis 

cyclolitiformis 

deformis 

pygmaea 

Peplosmilia triassica 

Oalamophyllia cassiana 

Bhabdophyllia recondita 

Thecostiiilia Hornesii 

Zietenii 

granulata 

rugosa 

corifluens 

irregularis, Laube 

neglecta 

major 

sutlonensis 

mirabilis 

serialis 

^J’erquomi 

Brodiei 

deiilata 

Buncani, Toines ( = irregu- 
laris, Duncaii) 

from Long Sutton 

Cladoplijllia subdichotoma 

sublaeris 

gracilis 

Isastriea sineruuriensia 

globosa 

Cxiimbt lii 

Haucri 

spleiidida 

LatiiEffiandra Broimi 

labyrinthica 

plana 

Stylina Reussi 

Ely sastraja Fischer i 

Stylastrasa sinemuriensis 

Martini 

plana 

gibbosa 

reptans 

parasitica 

insign is 

pedunculaia 

dendroidea 

uiinuta 

Cyathocoenia decipiens 

dendroidea 

incrustans 

costata 

Astrocoenia Oppelli 

Microsolena ramosa 

plana 

» »P 

Septastrcea excavata 
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On looking over the foregoing list, it will be seen that nearly all the 
species hitherto determined from the White Lias are also St. Cassian 
species, the only exceptions being Montlivaltica rhcetica^ and the 
branching Thecosmilia from Long Sutton; also that a certain 
number of St. Cassian and White-Lias corals are common to those 
formations and to the Sutton Stone, but that none of them occur 
in the Brocastle coralline conglomerate. Furthermore, a most im- 
portant difference will be observed between the coral faunas of the 
Sutton Stone and Brocastle, not a single species being common to 
both. One species, however, which may be mentioned here, has 
been determined by me, though from rather doubtful specimens, to 
occur both at the latter place and in the conglomeratic beds over- 
lying the Sutton Stone. It is the Septastreea excavata, and its 
association in both these localities with Gryphena arcuata may, 
perhaps, be taken as evidence in favour of the identity of the two 
deposits. To this I shall again refer in my concluding observations. 

Conclusion, 

Atp. 359 of the present paper an opinion has been advanced that the 
White Lias of the midland and western counties of England, the so- 
called Guinea-bed of the western extremity of Warwickshire (Binton, 
Grafton, Wilmcoto, and Bickmarsh), tho conglomerate of the Stormy 
cement works, and the Sutton Stone of Sutton and West, are nearly 
or perhaps precisely of the same geological age. I wish now in 
conclusion to briefly confirm, but at the same time slightly to 
modify, that statement. 

The late Mr. Moore, in the paper from which T have already 
quoted, has expressed the opinion that a great thickness of conglo- 
merate exists below the Sutton Stone. This he believed might have 
been accumulated contemporaneously with Liassic beds elsewhere. 
Furthermore he has made the remarkable statement that the 
shaft of the Langan lead-mine was sunk, first through beds of fine 
conglomerate, afterwards through the Sutton Stone, and then to a 
depth of 150 feet into an unstratified conglomerate, the bottom of 
which was not reached. This latter was supposed by Mr. Moore to 
be identical with beds observed by him under the Sutton Stone in 
the coast-section. Bearing this statement in mind, I made a most 
careful examination at Sutton ; but could not perceive the least 
evidence of any deposit in the position indicated by him. What 
Mr. Moore observed at Cave number 2 (sec p. 528 of his paper) was, 
I believe, nothing more than a part of the Sutton Stone itself, which, 
as Mr. Bristow observes, becomes hard and blue near that place. 
Taking into consideration the great difference of opinion respecting 
the age of the beds at the bottom of the cliff at Sutton and Southern- 
down, it will be well to base our conclusions on such stratigraphical 
evidence as may be derived from other localities, where the relation- 
ship of the conglomerate to the overlying and underlying beds can 
be more certainly traced. Such a locality is Stormy (and perhaps 
also Laleston), where we know that the Conglomerate lies directly 
between the Ostrea- and Esther 
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P&ls&ontological evidence of the age of the Sutton Stone would, no 
doubt, be condusive, if no uncertainty existed respecting the precise 
spot from which the fossils were obtained. But the difficulty of 
collecting specimens, excepting corals, and the doubt as to their 
position, owing to the diversity of opinion of the several collectors 
respecting the definition of the Sutton Stone proper, diminishes very 
greatly the value of their evidence. Moreover, as I have already 
stated, the upper Bhaetio beds of some localities, as in Warwickshire, 
contain such a very large percentage of Hettangian Mollusca, as to 
render it quite necessary that a very complete collection should be 
examined. Unless this is done the small number of characteristic 
species would probably be overlooked. The Hettangian character 
of the Mollusca at present recorded from the Sutton Stone, is not 
therefore sufficient proof of its non-Bhaetic relationship ; while the 
corals, like those from the Warwickshire White Lias, unquestion- 
ably indicate a Bhaetic period. At the same time, however, that 
which I have stated at p. 354 respecting the value of the evidence 
afforded by the presence of corals may apply here, and point to a 
period during which they flourished on the upturned edges of the 
Mountain Limestone prior to the deposition of the Sutton Stone. 

Of the Brocastle corals it may be distinctly affirmed that their 
affinity is with Infra-Liassic or Hettangian forms, some of them 
having been described in the works of Martin, Diimortier, and Ter- 
quem, although they are at present associated with organisms of a 
later date. When, however, we remember that a conglomerate has, 
so to speak, two dates, one when first deposited, and another when 
redeposited, we shall experience less difficulty in explaining the 
apparent anomalies presented by both the Sutton and Brocastle 
conglomerates. 


ZOANTHABIA APOBOSA 
Family ASTB./EID^. 

Subfamily AsTB^asix.®. 

Genus Moktlivaliia, Lamx. 

Motttlivaltia pebloxga, Laube, Fauna St. Cassian, Abth. i. Henkschr. 
k.-k. Akad. Wiss. Wien, Bd. xxiv. p. 249, Taf. iii. fig. 13. 
(PI. XIX. fig. 9.) 

A few flattened and otherwise ill-preserved specimens of a MonU 
livaltia of small size have been met with in the Sutton Stone at 
Sutton. Of these the most that I can say is, that in the general 
form of the corallum they bear considerable resemblance to the 
Nontlivaltia perlonga of Laube, and that, as in that species, they were 
attached by a small space, and have a rudimentary epitheca which 
scarcely conceals the costae. From Laube’s figure, however, they 
differ in being rather less tall. 
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MoiTTLiVALm SIMPLEX, Duncan, Suppl. Brit. Boss. Cor. pt. iv. p. 9, 
pi. iii. figs. 16-17. 

A single example of this coral, consisting of a polished section 
imbedded in the stone, which was taken by me from the Brocastle 
coral deposit, presents exactly , the same peculiarities which are 
shown in Prof. Duncan’s figure 17. I wish, however, to remark 
that the much elongated form of the calice, and the angle observable 
in some of the septa, are merely the result of pressure. I have ob- 
served the same thing in some other species. 

Montltvaltia Walli-e, Duncan, loc. cit. p. 7, pi. viii. figs. 5, 
6, &7. 

Prof. Duncan remarks of this species that there is a double wall 
in some places, and that the rudimentary septa “ which are barely 
visible in the true calice are distinct in the outer rim.” He might 
further have noted the continuity of the older septa from the outer 
rim, through the inner wall in the calice proper. This is well shown 
in Prof. Duncan’s figure, and is a good illustration of rejuvenesence. 
The habitat is Brocastlo. 

Montlivaltia riletica. Tomes, Quart. Joum. Geol. Soc. vol, xxxiv. 

p. 180. 

This species, as I have already stated in my original description, 
is characterized by a very thin discoid form, and by the great size 
and relative prominence of its primary septa. 

Montlivaltia, sp. 

A young, and imperfectly preserved specimen of a species of Mont-- 
livaltia, which was parasitic on a Modiola, was found by me in the 
black shales of the ilhaetic formation during the construction of the 
Penarth Docks in 1860. Although I am able to state definitely 
that it was found low down in that formation, I cannot fix its pre- 
cise position further than to say that it occurred at no great distance 
either above or below the bone-bed. It is included here because I 
believe it to be the most ancient representative of the genus which 
has been met with in this country. 

Genus Thecosmilia, Edw. & Haime. 

Of the species appertaining to this genus which come within the 
scope of the present paper, some have been said to increase by gem- 
mation, and others by fissiparity. And there are a certain number 
which, like the 8t. Cassian species, have a great many septa, 
and others, again, in which the number of septa is very small. The 
latter would seem to have a more truly Liassic aflinity than the 
others. Those which have very short and stunted forms, and more 
especially such as increase by gemmation, are possibly only the 
peduncular portions of species which, in their ultimate growth, con- 
stitute genera quite distinct from the present. They might readily, 
except for their well-developed epitheca, bear some relationship to 
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the genus Chorisastrcea. Thecosmilia Martini and T, Michelini are 
omitted from the present list because they do not occur, to the best 
of my belief, either in the White Lias or in the conglomerates of 
Glamorganshire. Of the species which are characterized by a small 
number of very irregularly developed septa and a stunted form, such 
as Thecosmilia Terquemi^ T. Brodiei, and T, dentata^ but little can 
be said definitely, and it is even possible that they represent only the 
immature state of some species which, by aftergrowth, would assume 
a different form. These present very little affinity with the multi- 
septate St. Cassian and Sutton-Stone species. 

Thecosmilia Hornesii, Laube, loc.cit, p, 265, Taf. v. fig. 1. (PI. XIX. 
fig. 8.) 

Impressions of the calices of a coral occur in the White Lias of 
Warwickshire which I do not hesitate to refer to this species. For 
the purpose of direct comparison, I have taken casts from these im- 
pressions, which, when compared with veritable specimens of Theco- 
smilia Hornesii from the St. Cassian beds, are so exactly similar as 
to leave no doubt of their specific identity. The two woodcuts (5 
& 6) at p. 68 of Prof. Duncan’s ‘ Supplement to the British Fossil 
Corals,’ were, I have no doubt, taken from unfavourable examples 
of such casts, though they are considerably larger than is usual. 

Thecosmilia bugosa, Laube, loc. cit, p. 256, Taf. v. fig. 4. (PI. XIX. 
fig. 1.) 

Fragments of this species are not rare in the WTiite Lias of 
Warwickshire and the adjoining parts of Worcestershire, but they 
are usually in a very bad state of preservation, and rarely possess 
anj^thing more of the characteristics of the species than is seen in 
the rugose portions of broken-up corallites. One example only 
shows a well-preserved calice. It was taken by me from a quarry 
in an outlier of White Lias at MeerHill, near Loxley, about two or 
three miles north-east of Stratford-on-Avon, and was very near to 
the bottom of the excavation. This is the position in which I have 
found all the specimens in this as well as other localities. 

In the Sutton Stone of Sutton and West, the present species is not 
rare ; but occurs only in fragments which possess the same pecu- 
liarities as the White-Lias and St. Cassian specimens. 

Thecosmilia confluens, Laube, Zoc. cit. p. 257, Taf. v. fig. 5. 
(PI. XIX. fig. 7.) 

Cyatliophyllum conjluens, Munst. Beitr. iv. p. 37, tab. ii. fig. 16. 

I have met with a fragment only of this species lying amongst 
the rubbish in the bottom of a quarry of White Lias at Stoneythorpe, 
in Warwickshire. Although partially enclosed by stone, the folia- 
ceous character of its calicular surface is well shown. It differs 
from Laube’s illustration (fig. 5 c) only in having the lobes more 
crowded, so that the folds almost overlap each other, and in having 
the septa more distinctly denticulated. 

Amongst the same rubbish was found the specimen of Hemipedina 



Thbcosmilia. sbkialis, Duncan, loc, ciu p. 12, pi. iv. figs. 10-12. 

I have met with several specimens of this coral, but always in a 
fragmentary state, and did not for some time determine them satis- 
factorily in consequence of their being, in every case, either in con- 
tact with, or surrounded by, corallites of Elysastrcm. The direct 
evidence of fissiparity observable in some of the elongated calices 
led to their distinction from those of Elysastrcea, with which I had 
confounded them. Hitherto it has only been met with in the 
Sutton Stone of Sutton and West. 

Thecosmilta, sp. 

As already mentioned, a tall branching species of Thecosmilia 
occurs abundantly in a bed quite low down in the White Lias at 
Steven^s Hill near Long Sutton, Somerset. It appears as hollow 
tubes running vertically through the stone, and showing with great 
accuracy the epithecal and costal markings of the corallites which 
have occasioned thorn. ''!1ie impressions of the epithoca exhibit an 
excessively rugose character ; but as fragments only of the corallites 
remain in these hollow casts, the septal characters cannot be made 
out. 

Thecosmilia suttomnsis, Duncan, he, cit, p. 11, pi. iv. figs. 7-9. 

Except for the method of increase, which is by gemmation, the 
present species would not have been considered by the original de- 
scribor as a distinct species. If gemmation wore found to be its 
sole mode of increase, it would not only be specifically distinct, but 
very possibly gcnerically also. Fragments are by no moans rare in 
the Sutton Stone, and are nearly always found denuded of their epi- 
theca, which appears to have been very thin. 

Thecosmilia mirabilis, Duncan, he, cit, p. 12, pi. ii. figs. 10, 11. 

This multiseptate species altogether conforms to the St. Cassian 
type ; but appears to be specifically distinct from any of the species 
figured by Laube. So far as I can observe from the figures and 
description given by Prof. Duncan, it increases by gemmation and 
not by fissiparity, and a specimen in my own collection shows a 
much more rapid increase in the diameter of the corallum than 
appears in the figures just mentioned, and the calicular surface is 
consequently of greater extent than the same part of the specimen 
from which Prof. Duncan’s figure was taken. 

Q.J.G.S. No. 159. 
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Thecosmiha Terqubmi, Duncan, Zoc. ciU p. 16, pi. iii. figs. 7-12. 

Prof. Duncan’s description of this species was taken from Bro- 
castle specimens in Mr. Moore’s collection ; but he afterwards 
figured some very immature Thecosmiliai from my own collection, 
taken from the “ Guinea ” bod of Binton ; and as these latter were 
actually found attached to and growing upon shells forming the 
upper or exposed surface of the bed, there can bo no doubt whatever 
about their horizon. But the low septal number which charac- 
terizes them is quite as probably the mere result of immaturity as 
of their identity with a species which possesses, even with greater 
ago, only a few septa. 

Tuecosmilia Brodiei, Duncan, he. cit. p. 1 3, pi. x. figs. 1-4. 

I am only acquainted witli this coral by a verj^ cursory examina- 
tion of -the type specimen. Its calicinal peculiarities distinguish it 
as a species ; but there seems to be little evidence of its generic 
claims. 

Thecosmilia dentata, Duncan, loc. dt. p. 16, pi. iv. figs. 21-23. 

So far as can be ascertained from the examination of the type 
specimen, which is not, however, a very satisfactory one, the present 
species possesses more strongly marked specific characters than some 
of the other si)Ocies of Thecosmilyv, occurring also in the Brocastlc 
conglomerate, which have a smaller number of irregular and ill- 
developed septa. 

Thecosmilia Duncaxi, Tomes. 

Thecosmilia irreyularisy Duncan, he. eit. p. 15, pi. iii. figs. l-G 
(not pi. X. fig. 5), not Thecosmilia irretjularis, Laube, loc. cit.i^. 257, 
Taf. 0. fig. 0. 

Like so many (probably all) of the Brocastlo Thceosmiluv^ the 
present species increases by fissiparity. Figure 5 of plate x. of the 
work above quoted, represents a coral which I cannot regard as 
identical with the one figured on plate iii. under the same name, 
either specifically or gcnerically. The very remarkable form sliown 
on plate x. is, I have no doubt, the result of excessive and repeated 
rejuvenescence. I have seen precisely the same thing happen, 
though not in the same degree, in Montlivaltia rugosa^ and I 
possess specimens of the latter species which show that when the 
sudden contraction takes place, the epi theca advances and obliterates 
the calicc, leaving uncovered only a circular space of greater or less 
extent, from which afterwards arises the new portion of the coral- 
lite. This is precisely what has taken place in the specimen attri- 
buted to the present species, in which, as may easily be observed in 
the figure, the upper or final calice has become covered by a thick 
and wrinkled epitheca. As the specific name Irregularis had been 
already made use of, the name of Duneani may be here applied to 
the present species. 
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Thecosmilia major, H. de Ferry, in Dnmortier, Etude Paleont. 
Depots Jurass. du Bassin du Rhone, p. 173, pi. xxviii. fig. 1, 
2, 3, 4 (1864). 

Montlivaltia polymorpha^ Duncan, Zoc. cit, p. 8, pi. vii. figs. 14, 
15, pi. viii. figs. 1, 2, 3, 4, 14, 15 (not Terquem et Piette) (1866). 

After the examination of the specimens figured by Professor 
Duncan as M, polymorpTm^ now in the Bath Museum, as weU as a 
number of others in my own collection, all from the Brooastle con- 
glomerate, I am fully satisfied of the necessity for placing them in 
the genus Thecosmilia, and referring them to the Thecosmilia major 
of M. de Ferry. The larger and more perfect specimens consist of 
two corallites supported by a rather tall peduncle, and the latter 
part, in all the sjjocimens i have seen, is longer than is represented 
by figure 13 of plate viii. in Prof. Duncan’s work. Moreover the 
corallites separate from each other much less rapidly. As the cali- 
cular surface, in the specimen from which that figure was taken, is 
wholly hidden in the matrix, it is difficult to determine with 
certainty to what species it should be referred. There is a tendency 
in the present species to a rajfid increase in diameter of the coraUite, 
just at the calice, which gives the latter great openness. This pecu- 
liarity is slightly shown in figure 15 of the plate above referred to. 


Genus Cladophyllia, Edw. & Haime. 

Cladophyllia suBLiEvis, Laube, loc. cit. p. 259, tab. iv. f. 5. 

At one i)laco only in the Sutton Stone, to the best of my know- 
ledge, has the present species been found. My friend Mr. T. J. 
Slatter discovered it in an abandoned quarry close by the side of 
the road leading from Sutton to the river Ogmorc, quite at the 
western extremity of the Sutton Stone, and, as far as could be 
ascertained, nearly at its base. It was observed to lie in a thin 
scam, in which were a number of ill-preserved and crowded frag- 
ments. Unlike most of the corals which are common to the 
St. Cassian beds and to the Sutton Stone, the corallites of this one 
have not a greater diameter than is shown in Laube s figures. 

Cladophyllia subdiciiotoma, Laube, loc. cit. p. 258, Taf. iv fig. 2. 

(Plate XIX. figs. 10, 11.) 

Montlivaltia pedunculata, Duncan, loc. cit. p. 10, pi. ii. figs. 12, 13. 

A considerable number of fragments of a bush-shaped coral occur 
in the Sutton Stone, which usually present swellings and constric- 
tions, and, generally speaking, have a shallow calice, which has a 
sublobate outline. It is only, however, occasionally that the calices 
are sufficiently preserved to permit satisfactory examination. More 
frequently the calicular surface resembles that shown in Prof. 
Duncan’s figure of Montlivaltia pedunculata (pi. ii. figs. 12, 13), 
which is, in fact, the representation of such a fragment, which has 
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been broken off inferiorly at a constricted point, and has lost its 
oalicnlar termination. 

The hgure of Monilivaltia peduvu^ulata, given on plate viii., from 
Brocastle, is distinctly referable to another species. 

As in other Sutton-Stone corals, which have also been found in 
the St. Cassian bods, the corallites of this species have a greater 
diameter than is observable in the Alpine representatives. 

Genus ELYSASTitiEA, Laube. 

Elysastr-ea Eischeri, Laube, loc. cit. p. 262, Taf. v. fig. 6 ; Dun- 
can, loc, cit. p. 29, pi. vi. figs. 5-9. 

Ehjsastnva Moorei^ Dune. ioc. cit, p. 30, pi. vi. figs. 10-15. 

Of all the Madreporaria which occur in the Sutton Stone, this is 
by far the most abundant species. It is, however, very unequally 
distributed, a]) 2 iearing in some places in great masses, the corallites 
of which, either more or less closely i)acked, or in disjointed branches, 
penetrate the stone through and through. In other places scarcely 
a fragment can be seen. Notwithstanding a very careful exami- 
nation, I have not in a single instance met with the Elysasirmi 
growing on the floor of Mountain Jdmestone beneath the Sutton 
Stone, nor indeed have I seen any of the Madreporaria so jfiaced. 
But I have found many specimens of immature growth attached to 
rounded lumps of that rock, as well as to ]um])S of conglomerate. 

This is a very variable species, and the closest investigation has 
failed to satisfy me that there are two species in the Sutton Stone. 
On the contrary it has convinced me that the characters attributed to 
the two species ma}^ be seen in different parts of the same corallum. 
I have not hesitated, therefore, to place the name of the one as a 
synonym of the other. Of the generic character su 2 )posed to be 
presented by the aj^pearance of a ring of septa within the ordinary 
ones, I may remark that it is nothing more than one stage of reju- 
venescence. Nevertlieless that mode of growth is so unusual in the 
compound Astracidne, as to constitute a marked feature, as I have 
elsewhere stated that the same thing soifietimes takes place in 
Confumstraa^, But there is one characteristic which deserves 
especial notice, and which seems to denote some affinity with Latl- 
maandra; I allude to the existence of elongated and compound 
calices amongst the circular and simple ones. 

Genus IIhabdophyllia, Edw. & Haimc. 
Rhabdophyleia reconbita, Laube, loc, cit, p. 255, Taf. iv. fig. 3. 

Notwithstanding that a very diligent search has been made for 
this species in the Sutton Btonc, no other specimen has been met 
with. The one figured by Prof. Duncan, though only a fragment, 
fully identifies the species, but differs from Laube’s figures just as 
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the other 8t. Cassian species do which are found in the Sutton Stone, 
that is to say, in having a greater diameter in the individual 
corallites. 

Ehabdophtllia, sp. 

A polished piece of the Brocastle conglomerate reveals a horizontal 
section of a corallite of a species of Ehahdophyllia, with a small 
diameter and twenty-six short and stout septa, the alternate ones 
being stouter and longer than the others, and a columella which 
occupies fully one half of the entire diameter of the calice, and the 
papiUaj of which are far apart and irregular in size. 

Genus Calamophyllia, Blainv. 

I have followed Laube in attributing to the genus Calamophyllia 
a coral from the Sutton Stone which is evidently identical with one 
from the St. Cassian beds. It is the Calamophyllia cassiana of 
that author. But it is worth}^ of note that the naked costu- 
lated walls which constitute an important feature in Calaynophyllia, 
are also observable in other forms from the St. Cassian beds, and 
in some of those figured by Stoppani from the Azzarola beds of 
Lombardy. Such are OladopliylUa subdichotoma^ Laube, JRhahdo- 
phyllia recondita, Laube, lihahdophyllia langohardica, Stoppani, and 
R, Mcneghini^ It. De-Filijpi^ and R. Selhe cd‘ the same author. In 
all of these, witli the exception of the last, the corallites are cha- 
racterized by alternately swollen and attenuated portions ; and all 
have calicos which differ so much from the usual circular form as 
to become sublobular. Bearing these poculiarities in mind, and 
remembering that the corallites of Cal amophy Ilia are jointed rather 
than swollen, it may perhaps be desirable that the present genus 
should be adopted i^rovisionally. 

Calamophyllia cassiana, Laube, loc. cit. p. 254, Taf. iv. fig. 1. 

(Plate XIX. figs. 5-7.) 

At present my knowledge of this as a Sutton-Stone species is 
confined to fragments which were taken by my friend Mr. T. J. 
Slatter and myself from the exposures at Sutton These, however, 
are in a sufficiently perfect state to render their identification a 
matter of no uncertainty. 

Genus Stylaste^ea, Fromentel. 

This genus was created in I860 by M. de Fromentel for the 
reception of two species of composite corals from the Amm.-angulatus-- 
bods of the Lias of the Cote-d’or. It is characterized by circular 
calicos which are not united by their walls, but by coenenchyma 
having costa) which are non-confluent and denticulated, by septa 
which are exsert and strongly denticulated, and by a weU-develo 
and styliform columella. That some, if not all, of the so-called 
Astroccenioe from the Sutton-Stone and Brocastle deposits in South 
Wales, are referable to this genus, whatever may be its affinities, I 
do not entertain the least doubt. In some of the species in which 
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the calicos are more closely placed than in some of the others, the 
calicos, by contact with each other, become more or less polygonal, 
and have the appearance of those of Astrocoenia ; yet even in such 
specimens portions will be observed which have more distinct 
calicos (which are therefore separated by more coenenchyma), the 
calicos of such portions being always circular. 

SiYLASTRaiA siNEMTOiENSis, E. de From, in Martin, Infra-lias du 
D^partement de la Cote-d’or, p. 94, pi. viii. figs. 0-7. 

Astrocoenia costata^ Duncan, loc, cit. p. 21, pi. ix. figs. 15, 16, 17. 

Any doubt that may exist as to the identity of Strylastrc&a sine- 
muriensis with Astrocoenia costata will bo readily removed by com- 
parison of fig. 7 of the former with fig. 1 6 of the latter species, 
in the works above quoted. It has only been met with in the 
Brocastle conglomerate, so far as I know. 

Stylastr^a Martini, E. de From. loc. cit, p. 49, pt. vii. fig. 18. 
Astrocoenia snperha^ Duncan, loc, cit, p. 21, pi. ix. figs. 3, 4, 5. 

After an examination of the type specimen of Ast/roccenia mperha,, 
1 am perfectly satisfied of its identity with the previously described 
Stylastrma Martin^ to which species 1 therefore refer it. The 
specimens examined have been obtained from Brocastle. 

Stylastr/EA plana, Duncan, sj). (Plate XIX. fig. 2.) 

Astrocoenia plana,, Duncan, loc, cit, p. 19, pi. v. fig. 1. 

The want of figures showing sections of the corallites and of 
other details of this species renders its identification much less easy 
than that of S, yihhosa^ which has received at the hands of the 
describer more ample representation. Yet the present is the more 
typical species, and a magnified figure corresponding with the en- 
larged one of Stylastrcea. ylhhosa,, given by Prof. Duncan (pi. v. 
fig. 5), would show corallites which are mory distinct, having walls 
much more clearly defined and circular, and a much more abundant 
coenenchyma. An erJarged figure, which I now give, wiU explain 
the difiercnces thus pointed out. 

Stylastrcea oibbosa, Duncan, sp. 

Astrocxxnia yihhosa, Duncan, loc, cit, p. 18, pi, iv. fig. 3, pi. v. 
figs. 2, 3, 4, 12, pi. vi. figs. 1, 2, 3, 4. 

The present species, as well as the foregoing, is to be found in 
the Sutton Stone at Sutton, and both appear to be equally common ; 
but I have seen specimens from no other locality. 

SiYLABTRiBA REPTANB, Duucan, loc, dt, p. 20, pi. iv. figs. 4, 5, 6, 15. 
A single Bpecimen from Sutton, by no means in a good state of 
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preservation, is all I have met with. The peculiar septal 
arrangement distinguishes it from the foregoing species ; hut I 
may observe that the union of the shorter with the longer septa is 
sometimes also observable in some of the calices of 8, gibhosa, as is, 
indeed, shown in Prof. Duncan’s enlarged figure. The calices of 
this species are more polygonal than in most others, which is due to 
their being rather more closely placed. Nevertheless there are 
some parts of the corallum where they are wider apart and 
circular. 

Stylastr®a parasitica, Duncan, sp. 

Astroccenia parasitica^ Duncan, loc, cit, p, 20, pi. v. figs. 5, 6. 

I am only acquainted with this species through the means of 
Prof. Duncan’s description and figures. The great distance of the 
calicos from each other, as well as their circular outline, and the 
obviously great amount of coenenchyma between them, indicate a 
form which cannot be at all nearly related to Astrocauiia^ which 
is characterized by corallitcs closely connected by their walls. 

STYLASTRiEA INSIGNIS, DlincaH, Sp. 

Asirocomia insignis, Duncan, loc, cit, p. 19, pi. ix. figs. 1, 2. 

This is a well-marked species, and not uncommon in the Procastle 
conglomerate, from which 1 obtained some fine specimens in 1862. 

SiYLASTiLasA PEDXTNCiJLATA, Duncan, sp. 

Astrocoenia pedunculata, Duncan^ loc. (it. p. 20, pi. v. figs. 7, 8, 9. 

I am only acquainted with the species through Prof. Duncan’s 
figures and a very cursory inspection of the type specimen. It is 
remarkable for the wide spaces between the calices. 

STYLASTRiEA DENDROIDEA, Duncan, Sp. 

Astrocania demlroideay Duncan, loc. cit. p. 22, pi. ix. figs. 10, 11. 

Many fragments of this coral occur at Brocastle, all of which 
present much the appearance of the specimen from which Prof. 
Duncan drew up his description. It is rather remarkable that no 
dendroid species either of this genus or of Cyathocc^nia have been 
recorded as occurring in the Sutton Stone. 

STYLASTItffiA MINUTA, DuUCan, Sp. 

Astroccenia minuta, Duncan, loc. cit. p. 22, pi. ix. figs. 18, 19, 20. 
Of unfrequent appearance in the Brocastle conglomerate, the 
present species is readily distinguishable from all the others by the 
small size of the calicos and the presence of a paliform tooth on each 
septum in close proximity to the columella. The latter peculiarity 
appears also in a species from the Azzarola beds, which is evidently 
allied to the present, and which has been described by Stoppani as 
a Stylina, Both show a remarkable resemblance in the above 
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respect to the coral from the Greensand of Haldon which has been 
made the type of the genus Haldonia by Prof. Duncan. 

?STTLASTRiBA, Sp. 

A specimen in my own collection, consisting of a few calices only, 
bears a very strong resemblance to a Stylina, It was taken from 
the Brocastle conglomerate by my late friend Mr. J. W. Kirshaw, 
on the occasion of a visit to that locality made by him and myself 
in company with the late Mr. Moore. 

Genus Ctathoc(enia, Duncan. 

Phylloccenia^ Laubc (not Edwards & Haime). 

To this genus, which was created by Prof. Duncan, in 1867, for 
some corals from the Liassic conglomerate of South Wales, and for 
one species from the Amm,-an(fulatus^7.one of the Lower Lias of Wor- 
cestershire, must, I believe, bo referred the PJiyllocomia of Laube. 
Although in the figure given by him of Phylloccenia declpiens the 
septa appear to have entire edges, and are therefore consistent with 
those of the Tertiary and Cretaceous yet in the letter- 

press they are distinctly mentioned as being serrated. This alone 
supplies sufficient grounds for the removal of the species from the 
genus Phylloeoenia, The greater part of the Cyathoccenice from the 
Glamorganshire Lias have lost their septal denticulations ; and that 
the specimen from which Laube’s PhyUomniadecipiens was taken had 
similarly suffered will become exceedingly probable if wo compare the 
figures of that species with Prof. Duncan’s of Cyathoemnia costata*, 

Cyathoc(enia decipiens, Laube, sp. (Plate XIX. fig. 3.) 

Phylloeoenia decipiens, Laube, loo, cit, p. 264, Taf. vi. fig. 1. 

My knowledge of this as a Sutton-Stone fossil is confined to the 
examination of a single specimen taken by myself from one of the 
small excavations between Sutton and West. The septa and costa 3 
of this example are wholly without denticulations. As will be seen 
on reference to the figure^, here given, these parts, as well as the 
general conformation of the ealices, very closely resemble those given 
by Laube for this species. 

Ctathocosnia dendroidea, Duncan, loc, dt. p. 27, pi. ix. figs. 6, 7 

8 , 9 . 

Fragments of this species are not rare at Brocaetle, from which 
place I have received several specimens. 

Cyathoccenia incrustans, Duncan, loc, cit. p. 28, pi. iv. figs. I, 2. 

The specimen from which Prof. Duncan’s illustration of this 
species was taken was found incrusting an oyster ; and the only 
other one I have seen, which was taken by me from the Sutton 
Stone, is similarly incrusting a shell of the same species. 

♦ Supp. Brit. Fobs. Cor. pt. iv. pi. v. figs. 10, 11. 
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CtATHOCCKNIA C 08 TATA, Dtuicaii, loc, cit, p. 29, pi. V. figs. 10, 11. 

Of tliis well-marked species I have never met with a specimen, 
and I insert it here on account of its undoubted specific distinctness. 


Genus IsAsiRiEA, Edw. & Haime. 

ISASTR^A GtJrMBELii, Laube, loc, cit. p. 263, Taf. vii. fig. 2. 

Impressions of a few calices which, from their size as well as from 
their details of structure, arc probably referable to the above species, 
were found by me in the Sutton Stone. With the exception of 
these, I have failed to discover any indications of dm Isastrcea in that 
deposit. 

IsASTiL®A siNEMTJRTENsis, E. de Froui. in Martin, Paleont. Stratigr. 
Infra-Lias, p. 93, pi. vii. figs. 16, 17 ; Duncan, Zoo. cit, 
p. 30, pi. vii. figs. 1-9. 

On referring to the original figure of this species it wiU be ob- 
served that it has one calice which is much in excess of the others 
in size. No such discrepancies can be seen in the calices of any of 
the specimens from Brocastle ; and, moreover, they are all, gene- 
rally speaking, smaller than those shown in the figure alluded to, 
and approximate in this respect those of Isastrcea Gilmhelii of Laube, 
a species to which the present also bears considerable resemblance 
in the shape and size of the corallum. 

IsASTRJEA GLOBOSA, Duncau, loc, cit. p. 31, pi. viii. figs. 17, 18. 

In the small size and globular and subpedunculato form, as well 
as in the thickness of its septa in relation to the intorseptal loculi, 
this species bears a decidedly 8t. Cassian aspect. It appears to be 
a less abundant species than the last, and has been met with only 
in the Brocastle conglomerate, from which I obtained a very charac- 
teristic example some years since. 


Genus Septastma, d’Orbigny. 

SEPTASTRiEA EXCAVATA, Erom. ? 

In the conglomerate overlying the Sutton Stone and associated 
with Gryphites and Ammonites, the latter undeterminable, are . the 
remains of compound corals, which arc most likely Septastrcece, 
One specimen only was seen by me very near to the caves, which I 
believe is referable to this species. A greater number were observed 
not far from Dunraven Point. These may have been Septastrcece 
or one or other of the known species of Isastrcea which occur in the 
Amm.-angulatus-zone of the Lower Lias. I have also some fragments, 
apparently of this coral, taken from the Brocastle conglomerate. 
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ZOANTHARIA POROSA. 

Pamily PORITIDuE. 

Subfamily Poritin-®. 

Genus Mtcrosolena, Lamx. 

Microsolena, sp. 

Two specimens have been taken by me from the Sutton Stone, 
which though unquestionably referable to this genus, are not well 
enough preserved to permit of description. Roth of them are 
imbedded in stone and can only be observed at the weathered sur- 
faces or by recent sections. It is evidently a tall species, one 
specimen, though incomplete, being fully 5 inches high. The calicos 
are largo, round, and far apart, and when their septa meet those of 
other calicos there is no disposition towards a parallel arrangement. 
No trace of columella is observable. The septa are thin and their 
perforations numerous. The synapticulse are simple and not much 
developed. 


EXPLANATION OF PLATE XIX. 

Fig. 1. Thccofmiilm ritgosa, Laube : natural aizo ; showing the dwarfed and 
clustered character of the species. Taken from a specimen from 
the White Lias, at Meer Hill, Loxley, two miles N.E. of Stratford- 
on-Avon. 

*2. Styhistupa plana, Lvincan, sp. A greatly magnified representation of 
a horizontal section immediately under the calicos, taken from a 
specimen from the Sutton Stone. This shows very satisfactorily 
the cylindrical form of the corallites, with their thin wall ; the 
abundant coRiienchyma and the well-deYeloj)ed (columella. These 
are characters wliich distinguish the genus Htylastrma, of which 
this ajipears to be a typical species. 

ti. Cyatkocamia decipiens, Laube, sp. Some calicos, magnified, from a 
spe(;inicn taken by me from the Sutton Stone. 

4 & 6. Calamophyllia cai<dana, Laube : natural size, from specimens taken 
by me from the Sutton Stone. 

6. . Sonio of the costae of fig. 4 : magnified. 

7. Thccosinilia conflmns, Laube. The representation of a fragment, 

natural size, taken from the White Lias, at Stoneytliorpe, near 
South am, Warwickshire. 

8. — — Uornedi, Laube. The cast of a calico from the White Lias, at 

Wimpstone, near Stratford-on-Avon. 

9. Montlivaltia ‘pcrlonya, Laube : natural size ; from a specimen taken by 

mo from the Sutton Stone. 

10. Cladophyllia svhdichotoma, Laube. Represents a fragment from a con- 

fused mass of broken-up corallites from the Sutton Stone, most of 
which have a much more parallel arrangement than is shown in the 
portion figured. The corallites in this species are for the most part 
placed much more closely side by side than as shown in the figure. 

11. . Some magnified calices of the same. In these the greater 

thickness of the primary cycle as compared with the other cycles is 
not sufficiently shown. 

Discussion. 

Dr. Duncan regretted the absence of the author of the paper. 
The corals brought from South Wales by Mr. Tawney were examined 
by the speaker, and several of them were recognized as St. Cassian 
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forms. The mollusca and other corals, however, indicated a 
Hettangian age. He saw no reason from the paper for altering his 
opinion as to the age of the deposits. They were not Triassic or 
even Rhsetic, but belonged to the Infra-Lias. He knew of no ex- 
amples of fossil coral- atolls, and he could not accept the peculiar 
views of the author, but believed that the corals were of the same 
age as the limestone in which they are found. The classification 
he had adopted for the Astroccenice and allied forms years ago he 
still maintained. He did not agree in the value of a genus like 
Stylastrcea^ which was founded upon its denticulate septa alone ; and 
the form described by Laube was neither FfiyUoconnia nor Gyaiho^ 
coenia. He pointed out that Mr. Tomes, in his critical essays, had 
made some errors which diminished the value of his criticisms 
upon Milne-Edwards and the speaker. Thus Mr. Tomes, in his 
last paper, had stated that Astrocoenia and Isastrrm bud from the 
wall, which is wrong. In a former paper he accused Milno-Edwards 
of error in relation to the sei)tal number of a Montlivaltia ; yet Mr. 
Tomes’s own figures proved that the distinguished French zoophy- 
tologist was correct. On one occasion when the speaker protested 
against Thamnastrcea being placed in the Perforata, Mr. Tomes in- 
sisted and persisted. Put Mr. Tomes, in his next communication, 
put the genus back into the Fungidm, having found out his own 
error. Pratz had disi)08ed of the ideas of Milaschcwitsch about 
Thamnastram belonging to the Perforata. It was to be regretted 
tliat Mr. Tomes had not studied recent corals, and that his expe- 
rience was confined to the fossil forms from a limited area in the 
west of England. 

Mr. Etueridge considered the question of the age of the Sutton 
beds as still an open cue. Mr. Tawney had been satisfied that he 
was wrong in his original views, and that the beds were truly of 
the ago of the zone of Anim. anc/ulatas. Ho bore testimony to the 
(jarc and labour bestowed on the study of corals by Mr. Tomes. He 
agreed with Dr. Duncan as to the non-existence of coral-reefs in the 
Jurassic deposits. 

The President pointed out the difficulty of believing in the 
existence of coral-reefs of Keuper age in the part of South Wales 
referred to, under the conditions which we know to have charac- 
terized that period in England. 
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28 . Observations on the Gbologt of the Line of the Canadian 
Pacific Railway. By J. W. Dawson, LL.D., F.E,S., F.G.S., &c. 
(Read Aprd 23, 1884.) 

Having had an opportunity last summer of passing over the line of 
this railway, and of examining some of the sections exposed on the 
road and in its vicinity, it may be useful to note the facts observed. 

All of the country on both sides of the line has been more or less 
explored by the officers of the Geological Survey, more especially by 
Dr. Selwyn, Dr. G. M. Dawson, and Dr. R. Bell; and without 
repeating what they have published, I shall confine my remarks 
chiefly to facts discovered or brought into greater prominence in the 
construction of the road. 

Between Ottawa and Port Arthur the road was only partially 
opened last summer, though it had penetrated into the region of 
typical Huronian rocks north of Georgian Bay. Next summer it 
will ho opened throughout, or at least to Algoma Mills, whence 
steamers will run on Lake Superior to Port Arthur. This 
section of the road will be of great geological interest, as it 
abounds in cuttings through Lauren tian and Huronian rocks, and 
will also ex])()se the Kewenian or Upper Copper-bearing series and 
other formations which, though newer than the Huronian, are 
believed to be Pre ^Cambrian. Last summer, travellers were con- 
veyed by steamer from (Jollingwood to l^ort Arthur, through Lakes 
Huron and Superior, and it was at Port Arthur that their geo- 
logical experiences began. 

Port Arthur is at the head of Thunder Bay, and opposite it are 
the grand trappean masses of Thunder Cape and of the islands in 
front of it — masses which are associated with the Kewenian series. 

Near the town of Port Arthur the rocks exposed are dark- 
coloured quartzites and quartzose slates, having occasional veins of 
white (juartz and of amethyst. These beds are believed to underlie 
the Kewenian series, but to be newer than the true Huronian *. 
Their surfaces show a few peculiar markings, which may be of 
organic origin, but are not determinable. 

From Port Arthur to Rat Portage the country is at first low, 
with many swamps and ponds ; but occasional rock-cuttings show 
different varieties of Laurentian gneiss and bands of greenish schis- 
tose beds, probably Huronian. In the latter occur the veins now 
being worked for gold in this vicinity. 1 did^ not visit any of the 
mines ; but I saw specimens, more especially from the “ Huronian 
Mine,” about 70 miles from Port Arthur. They consisted of white 
quartz holding visible gold and sylvanite in a rock which appeared 
to be chloritic slate. Several of these veins are now being worked 
on the shore of the Lake of the Woods, and are very accessible from 
Rat Portage. In approaching the place last named, fine sections 
Aniimk6 series of Hunt. 



LINE OF THE CANADIAN PACIFIC KAILWAT. 


377 


are seen of grey Laurentian gneiss with red felspathic veins, and at 
Eat Portage itself is a faulted junction of the Huronian and Lau- 
rentian, described by Dr. G. M. Dawson, in his Eeport on the 49th 
Parallel, and to which the Falls of the Winnipeg river at that place 
are due. 

It has been remarked by previous observers that the Huronian 
of this district is somewhat different in mineral character from that 
of the typical district of Georgian Bay, and that it presents a more 
highly crystalline aspect and an appearance of conformability with 
the Laurentian. These characters, which are very manifest in some 
of the railway-cuttings, suggest the possibility that it may be a lower 
member of the Huronian, partly filling the gap indicated by the great 
unconform ability of the Laurentian and Huronian on Lake Huron 
itself. I^^either of these series has yet been brought into any direct 
stratigraphical connexion with the ^^^orian or Upper Laurentian 
formation of Eastern Canada. 

It may be well to remark here, in connexion with this western 
extension of the old crystalline rocks of Canada, on the uniformity 
of mineral character which they present over 40 degrees of longi- 
tude, from Labrador to the Winnipeg river, and after a space of 27 
degrees further, in the mountains of British Columbia. Their 
similarity to the older Eozoic rocks of Brazil, Scotland, Scandi- 
navia, and Southern and Eastern Europe, is equally well marked ; 
and 1 have the ]jleasure of placing this evening on the table a 
collection of similar rocks from the neighbourhood of the first 
cataract of the Nile, so similar to the Laurentian of Canada that 
any geologist familiar with these rocks, and placed before the sec- 
tions of gneiss and micaceous and hornblende schist, traversed by 
veins of granite and syenite, which are exposed in the vicinity of 
Assouan, might be excused for imagining that he was examining 
one of the cuttings on the Canadian Pacific. At Assouan there is 
also an overlying unconformable series, consisting apparently largely 
of igneous products, and which may represent the Huronian of 
Canada. These rocks, with my notes of the sections of the Egyptian 
Laurentian, I propose to leave in the hands of l*rof. Bonney, who 
has kindly consented to report on them to the Society at a future 
time 

Beyond Telford station the old rocks disappear and arc succeeded 
by muskeg or swamp country, which here forms the border of the 
Great Eed Eiver plain. This vast swamp, 20 miles in width, and 
extending north and south for a great distance, with a depth of 
peaty matter stated at nine feet, affords a modern illustration of the 
formation of the beds of brown coal which occur in the Laramie and 
Cretaceous further west ; and in the somewhat monotonous character 

♦ In the Collection of the society there is a suite of specimens from Assouan, 
presented by Mr. Hawkshaw, in which there are specimens from both of the 
crystalline formations above mentioned ; but he does not seem to have distin- 
guished between these in his published paper, which is so valuable as a 
description of this interesting locality. See Quart. Joum. Geol. Soc. vol. xxiii. 
1867. 
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of its vegetation and the absence of large trees, illustrates also the 
paucity of vegetable fossils by which these beds are sometimes cha- 
racterized. 

In the region above referred to, glacial strise are often observed 
upon the hard rocks uncovered in railway excavations ; and there 
are glacial deposits of two kinds, though they are not very con- 
tinuous or of great depth, the indications being that the region was, 
in the Pleistocene period, an area rather of denudation than of 
deposition. One marked variety found between the ridges of crys- 
talline rock is a stratified red clay sometimes with greenish bands. 
This kind of deposit, which abounds in the drift area of Southern 
Manitoba and Minnesota, has been attributed to the waste and 
driftage westward of the red clays and sandstones of the Kewenian 
formation of Lake Superior. It is not usually a Boulder-clay, but 
where it approaches rocky ridges, is seen to overlie or pass into clay 
with numerous local boulders. Boulders are often to be seen heaped 
in great numbers against the sides of steep rocky ridges, ^^ot far 
from Bat Portage, a conspicuous instance is afforded by a steep 
escarpment of hornblendic rock, which is seen to be furrowed in a deep 
and fantastic manner by ice-action, while its base is piled with large 
masses of Laurentian rock. In many places also gravel beds and 
ridges containing boulders appear, as a more recent deposit than the 
red clay, in the same manner as we find in Eastern Canada and 
also westward on the plains. 

An interesting feature of these clays in their extension into 
Minnesota is the presence in them of Poraminifera of several species 
to which attention has been directed by Mr. B. W. Thomas, of 
Chicago, who has kindly sent me mounted specimens of these organ- 
isms. They belong to the genera Textalaria, Jiotalia, and Oh- 
higerina'y but are not properly fossils of the Boulder-clay itself, 
being in all likelihood derived from the Cretaceous marls of the west, 
which abound in such organisms. Indirectly, however, they consti- 
tute an evidence of the aqueous origin of the clays, as they imply 
much disintegration of the marls and the driftage of their materials 
to great distances. 

At 8tony Mountain and Selkirk, on the borders of the Bed Biver 
plain, are cream-coloured Silurian limestones now extensively quar- 
ried, and affording a beautiful building-stone. They are rich in 
marine fossils, of which considerable collections have been made by 
a local geologist, Mr. J. H. Panton. Prom these it would appear 
that within a very moderate thickness of beds there occur fossils 
ranging from the Trenton to the Niagara age, thus presenting an 
instance of a long lapse of time marked by a very small amount of 
deposit, similar to that which occurs in some other western localities. 
The precise stratigraphical subdivisions of these fossils, if such 
exist, remain to be worked out. I may here remark that while the 
outcrops of these limestones are at present of comparatively small 
extent, the immense number of boulders scattered westward on the 
plains to the base of the Bocky Mountains, more than 800 miles 
distant, shows that they must, before the glacial period, have occu- 
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pied a large area and probably overlapped large portions of the 
Huronian and Laurentian series. 

In approaching the Eed Eiver at Winnipeg, we pass over the 
eastern half of the great lacustrine deposit of the Eed-Eiver valley, 
extending, with a width of about 40 miles along that river, from the 
north to the south of the province of Manitoba, and constituting 
with its extension southward into the United States, what some of 
the geologists of that country have somewhat fancifully named the 
basin of the extinct “ Lake Agassiz.” It presents a flat surface of 
the most typical prairie land, and consists of the finest possible silt 
with a covering of black vegetable soil. Very few boulders or 
stones appear on its surface, or in the cuttings made in it for drain- 
age ; and the former are of small size, and may be accounted for by 
lacustrine ice-drift under climatal conditions similar to those now 
existing. 

West of the Eed-Eiver valley we enter on the higher prairie 
lands, extending westward about 700 miles to the foot of the 
Eocky Moimtains. From the Eed-Eiver prairie, which is about 
800 feet above the level of the sea, they rise by two principal steps 
or escarpments, and intervening gradual slopes, to the higher plains 
at the base of the mountains, which in some places are 4200 feet 
above the level of the sea. The physical features of this region have 
been fuEy described by Dr. G. M. Dawson, in his paper on the 
“ Superficial Geology of the Central Eegion of North America,” in 
the Journal of this Society for November 1875, where also will be 
found reference to the work of earlier explorers in this field. I may 
add that the facts stated in that paper afford, in my judgment, the 
best existing key to the solution of the difficult questions of glacial 
geology in North America; and that, when applied to the regions 
south and east of the districts described, they are sufficient to enable 
any geologist to perceive the fallacy of the theories of continental 
land-ice aj)plied by extreme glacialists to explain the drift pheno- 
mena of the middle and western parts of the United States. 

With the exception of a small area of Miocene Tertiary recently 
discovered*, the whole of this region is underlain by Cretaceous 
clays, sandstones and limestones, and by the shales and sandstones 
of Laramie or Lignitic Tertiary group, by some geologists regarded 
as late Cretaceous, by others as early Eocene (see Section, fig. 2, 
p. 382) ; but which the writer and other Canadian geologists have 
been disposed to regard as in great part a transition series, connect- 
ing the newer Cretaceous with the Eocene. Out of these formations 
the two prairie escarpments have been cut by water, the higher in a 
period of partial submergence before the glacial period, the lower at a 
later date by the waters of the extinct lake of thq Eed-Eiver valley. 

The latest results as to the stratigraphical arrangement and 
relations of these deposits are stated in the following table, abridged, 
and slightly modified from the Eeports of Dr. G. M. Dawson in the 

^ At the Cypress Hills, Mr. E. G. McConnell, of the Canadian Survey, is stated 
to have found beds holding remains of Brontotherium, the first discovery of this 
kind hitherto recorded within the limits of Canada. 
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publications of tbe Geological Survey of Cauada. In these, detailed 
descriptions of the structure and distribution of the different members 
of the series will be found. It is to be observed, however, that in 
consequence of the flatness and slight undulation of the beds, and 
the rarity of good exposures, as well as the probable recurrence of 
similar beds with somewhat similar fossils at different horizons, 
some doubts exist as to the detailed arrangement. 

Formations in the Prairie 
country traversed hy the Ca- 
nadian Pacific, (Order de- 
scending.) 

Laramie or TAgnUic Series: sand- 
stones, shales and clay, lignite, 
fossil plants, brackisli and Jresh- 
water shells — IbCK) i'eet or more. 

Fox-Hill Group : yellowish sand- 
stoiKis and shales with marine 
shells — 1500 feet or more. 

Ft. Pierre Group : dark-coloured and 
grey shales with some sandstone, 
marine fossils and lignite — 250 to 
300 feet. 

Niobrara Group : limestoneand'marls 
with marine shells, and locally 
shales arid sandstones with lignite 
and fossil plants 100 to 200 I’eet. 

Ft. Benton Group : light-(;oloured 
shales with shells and bones of 
Dinosaurs and lignite — 200 to 400 
feet. 

Dakota Group : brown and grey 
shales and sandstones, with lignite 
and lignitic coal — 200 to 300 feet. 

The Neocomian series does not 
seem to be represented east of the 
Ilo(Jky MounOiins, but is found in 
British Columbia. 

I may illustrate this section and also some of the difficulties 
incident to correlation of beds in this region, by reference to some 
exposures which I visited last summer. 

One of these is in the vicinity of the town of Medicine Hat, where 
the railway crosses the South Saskutchewan river. Here the river 
runs through a deep cutting in the Cretaceous rocks, which in some 
places present high and broken cliffs seamed with coulees, and in 
others fall into grassy^ slopes or are encumbered with masses of 
burned shale of a bright red colour, produced by the spontaneous 
combustion of the lignites in the banks. 

About ten miles above Medicine Hat, on the right bank of the 
river, at a point where one of the coal-beds was being opened, the 
cliff is about 300 feet in height, and consists of shale or indurated 
clay, of grey, dark, and purplish colours, with several beds of lignitic 
coed in the central portion ; and near the top are irregular layers of 
grey and ferruginous sandstone, some beds of which hold pebbles 
and nodules of iron-ore. 


European Equivalents, 
Paloocone or Latest Cretaceous. 

Maostricht Beds {Danien). 

White Chalk {Senonien), 

Chalk Marl. 

Upper C-reeriBand ( Cenomanic/ii). 

G-ault. 
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At the base of the section (fig. 1), near the level of the river, the 
shales hold calcareous concretionary bands, with bivalve shells charac- 
teristic here of the Cretaceous beds which are the only marine fossils 
seen in the section. About 90 feet from the base of the section is a 
bed of coal 3 feet thick, and covered with a shale roof or parting of 2 
feet 6 inches, above which is another coal, 4 feet thick, with a shale 
roof. For about 50 feet above this the cliff is occupied with shales, 
holding several thin coals ; and on this rests another bed of coal 3 
feet 10 inches thick with roof of shale 3 feet thick, and over this a 
small coal 10 inches thick. Above this shales again occur, and near 
the top a bed of ferruginous and pebbly sandstone very unequal in 
hardness and texture. In this Mr. Molyneux, an engineer in charge 
of the works, had found some large bones, and on further excavation 
we obtained considerable portions of the skeleton of a large Dinosaur 
behoved to belong to the genus Didonius of Cope, scattered teeth of 
which occur in the same bed. 

Fig. 1 . — Section on South Sashatcheivan river ^ near Medicine Hat. 

(Thickness, 220 feet.) 

Prairie. 



River. 

The less pure coals in this section are brown coals, composed of 
loaves and vegetable debris compacted together. The better coals, 
including the thicker beds above referred to, are apparently composed 

* Ostrea glabra, Anomia micronema, Corhula suhtrigonalis, C. gcrimdata, are 
chareicteristic, according to Dr. Q-. M. Dawson, There is also a species of 
Goniohasis. 
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principally of coniferous wood, having 
the texture of a bright hard lignite 
approaching to the characters of true 
bituminous coal, and affording a valu- 
able fuel. Beds of this character are 
very extensively distributed over the 
region*. The shales associated with 
the coals hold many vegetable frag- 
ments ; but no well-characterized spe- 
cimens were obtained, though there 
wore abundant indications of forests 
of angiospcrmous and gymnospermous 
trees. Better-preserved remains of 
them, obtained from other sections, 
will be found referred to in a paper by 
the writer in the ‘ Transactions of the 
Eoyal Society of Canada ’ (vol. i. 
1883 ). 

These beds at Medicine Hat are 
believed, on stratigraphical evidence, 
by the officers of the (Geological Survey 
to be below the Ft. Pierre groui), and 
therefore probably of Cenomanian 
age ; yet in lithological character they 
have a very close resemblance to the 
Laramie beds ; and even their fossils, 
so far as known, are scarcely distin- 
guishable from those of the upper 
scries, both holding shells of the same 
genera. They would seem to occupy 
the top of a flat anticlinal, on both 
sides of which are seen bods a little 
higher in the series. 

About twenty miles east of Medicine 
Hat, at Boss's Creek, some of the next 
beds in ascending order occur, and are 
believed to belong to the Pierre series. 
They are light-coloured marls and clays 
wdth Ammonites, Cyiherea, and bones 
of fish and Dinosaurs ; above these 
are gypseous clays ; and, still higher, 
brownish shales holding a bod of 
lignite. 

West of the localities above de- 
scribed, similar Cretaceous beds occupy 
the country nearly to the base of the 
mountains (fig. 2) ; and beds of coal, some 

* See map by Dr. G. M. Dawson, and Ee- 
port on Bow and Belly Coal fields. Geolo- 
gical Survey of Canada, 1883. 
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of them supposed to overlie those seen at Medicine Hat^ occur at 
Maple Island, Blackfoot Crossing, and elsewhere. 

Near Calgary, however, on the Bow river, a formation occurs 
which differs from those previously seen, and probably belongs to 
the upper part of the Laramie group. Its most conspicuous feature 
is a bed of whitish sandstone, about 20 feet in thickness, and 
presenting all the appearance of a coal-formation sandstone. Some 
of its layers abound in well-preserved leaves of Dicotyledonous trees 
of numerous specites and, so far as appears from a cursory examina- 
tion, similar to those described by the writer from the sandstones 
of the Lignitic group near the Souris river In state of preserva- 
tion and in some of their generic forms, these leaves much resemble 
those of the Swiss Molasse ; and no doubt the Calgary sandstone is 
an Eocene Molasse, related in mode of deposition to the Eocky Moun- 
tains as the Molasse is to the old rocks of the Alps. This sandstone 
is underlain and overlain by beds of grey, ferruginous, and black 
shales, in which are calcaroous bands holding fossil shells of the 
genera Goniohasis and Co7'bula, 

West of Calgarj^ as the Cretaceous and Laramie beds enter the 
Rocky Mountains and approach the junction with the Palaeozoic 
rocks, they become much folded and disturbed, and the coals con- 
tained in them become harder and drier in quality, in some 
places approaching to anthracites. 

The development of the Cretaceous series in the region under 
consideration is, in the main, similar to that described by the United 
States geologists as occurring in the country south of the 4yth 
parallel ; and it shows the wide extent of plain and table land 
between the Laurentian and Palajozoic region on the east and the 
Rocky Mountains on the west to have alternated in that period 
between conditions of shallow water and of vast bogs and swamps. 
Such conditions were, however, more prevalent towards the south, 
where this ancient Cretaceous Mediterranean communicated with 
the ocean; and toward the north, in the vicinity of the Peace 
river, there seems to have been a barrier of land or shoals. With 
the exception of the folds impressed on their western edge by the 
elevation of the Rock}^ Mountains, these beds have remained 
entirely unchanged and undisturbed, and there seems to have been a 
continuity of deposition and an absence of unconformability from the 
Cretaceous into the Eocene and Miocene periods, thougli sandstones 
and conglomerates at several horizons indicate some considerable 
intensity of water-driftage. It would seem that over large parts of the 
area slight elevations and subsidences led to alternations of driftage of 
clay from the Arctic regions, or the accumulation of organic lime- 
stone and marl in warm waters sheltered from the north, with sand- 
drift in shallow water, or actual land and swamp surfaces holding 
lakes and lagoons. 

With reference to the contrast between these undisturbed 
Cretaceous beds and those of some other countries, we need not go 

* Reports Canadian Survey, Memoir on Cretaceous and Tertiary Plants, 
Trans. R. S. of Canada, 1883. 
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beyond America, since in the coast ranges of British Columbia the 
beds of this age are quite as violently disturbed and as much altered 
as in the mountain-districts of Europe and Asia. Throughout 
North America, however, there seems a far less development of 
great calcareous deposits than in the Cretaceous of the Old World, 
though in the Niobrara group we have Foraminiferal marls essentially 
of the nature of chalk, and toward the south abundance of marine 
organisms generically similar to those of the Chalk of Europe. In 
America, as in Europe, remains of Teleostean fishes become plentiful 
m the Cretaceous, and the Dinosaurian reptiles continue to the end 
without any indication of the placental Mammalia. In America 
as in Europe, angiospormous exogens of genera stiU existing 
appear in the middle Cretaceous, and Lesquereux has described in 
the United States, and the writer in Canada, a rich and abundant 
exogenous flora very similar to that still extant in America, from 
the Dakota, Benton, and Niobrara formations. 

The distribution of the drift over those plains has been fully 
described in the paper above referred to. I shall therefore notice 
here only such new facts and inferences as presented themselves in 
connexion with the line of the railway. 

At the west side of the ]lod-lliver plain, where the railway 
ascends to the second plateau (s('e Map, fig. 8), are seen sandhills or 
dunes, obviously an old lake-margin, and, so far as seen, without 
large boulders or other evidences of heavy ice. 

The second prairie plateau everywhere presents travelled boulders 
associated either with Bouldor-clay or overlying sands and gravels. 
The i)orcontago of Lauren tian, liuronian, and Silurian rocks, and of 
stones from the llocky Mountains among those visible on the 
surface, has been noted by Dr. (t. M. Dawson, who has also men- 
tioned the line of elevations made up of drift, perhaps based on 
outliers of Cretaceous beds, which extends from Turtle Mountain 
northward to the Touchwood hills along the middle of this plain. 
In th(^ line of these eminences, where the railway crosses on the 
plain, there is evidejice of a connecting belt of sand and gravel 
with boulders, and within this are Oak Lake and other lakes and 
ponds. Thus there is really a continuous margin of the glacial 
sea on this line, and the higher and more marked h ills are merely 
its more elcAmted portions^. 

The Great Missouri coteau to which Dr. G. M. Dawson first 
directed prominent attention as a glacial feature, and which fringes 
the margin of the third plateau, about 400 miles west of Winnipeg, 
is now known to be continuous with similar ridges extending 
southward into the Ibiitcd States and eastward towards the 
Atlantic, and which have been described as the terminal moraine 
of a great continental glacier. In the western plains, however, 
where it has its greatest development, it cannot be explained in 

* The cuttings ol* the railway do not appear likely to modify the statements 
respecting the percentages of boulders ; but iJiey seem to show that, as in many 
other parts of America, boulders are more abundant near tlie surface than below. 





386 


DB. J. W. DAWSON ON THB GEOLOGY OF THE 


this way, but must mark the margin of an ancient glacial sea, or 
at least of that deeper portion of such sea in which heavy ice could 
float, while in its upper portion it shows evidence of having been, 
in the later periods of its formation, an actual water-margin. 

The railway, taking advantage of the oblique valley of Thunder 
Creek, crosses the cotcau at one of its least-marked portions, but 
where it still ])rosents very definite and striking characters. On 
entering it, the railway passes for nearly 30 miles through a roll- 
ing or broken (iountry, consisting of successive ridges and mounds 
interspersed with SAN ales and alkaline ponds without outlet. To this 
class belongs a somewhat extensive series of lakes known as 
the Old M'^ives’ Lakes.’’ The highest point of the coteau on this 
section apj)ears to be near 8ecretan Station. 

As seen in the road-cuttings, the basis of the ridges appears to 
consist of thick beds of imperfectly straiified clay, derived from the 
disintegration of the local Cn^taceous bods, but with many Lauren - 
tian boulders. In one place the clay was observed to be crumpled 
as if by lateral pressure. Above the clay are stratified gravels, 
also with large boulders, most abundant at top. The ridges are 
highest and most distinct at the eastern or lower side, and gradually 
diminish towards the up]>er or western margin, where they termi- 
nate on the broadly rolling surface of the upper prairie. 

The history of the coteau would seem to have been as follows : — 

1. The excavation in ])re-glacial times of an edge or escarp- 
ment in the gently sloping surface of thc^ Cretaceous and Laramie 
beds, and the cutting by subaorial causes of coulees and valleys 
of streams in this escarpment. 

2. Submergence in the glacial period, in such a manner as to 
permit heavy ice loaded with Laurontian debris to ground on the 
edge of the escarpment and deposit its burden there, while at the 
period of greatest submergence deep water must have extended 
much further westward. These conditions must have continued for 
a long time and with somewhat variable depth of water. 

3. Ke-elcvation, during which gravel ridges were formed, until at 
length the coteau became the coast-line of a shallow sea, which 
lingered at a later date along the line already referred to in advance 
of the coteau. 

4. On the re^^ elevation of the country, the transverse ravines and 
valleys were so effectually dammed up by the glacial ridge, that the 
surface waters of the region, now comparatively arid, have to remain 
as alkaline lakes and ponds behind the coteau. 

The upper prairie plateau, extending from the coteau to the 
Kocky Mountains, has, on its general surface, comparatively few 
boulders ; yet these are locally numerous, especially on the eastern 
and northern sides of some gentle elevations of the prairie. They 
consist, as before, of Laurentian gneiss, Huronian schists, and yellow 
Silurian limestone, all derived from the eastern side of the plains, 
some of the boulders of Laurentian gneiss being of great dimen- 
sions. Some of these have been used in modern times by the 
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biiflPalo as nibbing-stones, and are surroimded by basin-shaped 
depressions formed by the feet of these animals *. 

That strong currents of water have traversed this upper plain, is 
shown not only by the occasional ridges of gravel, but by the 
depressions known as “slues,” which must have been excavated 
subaqueous currents. 

Near Medicine Hat a terrace of boulders was seen at an elevation 
of about 200 feet above the river ; and in sections of the drift observed 
in coulees, the boulders were seen to be arranged in layers ; but 
whether these appearances had relation to fluviatile action, before 
the excavation of the deep valley of the Saskatchewan, or belonged 
to the original distribution of the drift, was not apparent. 

Laurentian boulders were seen all the way to Calgary, but with 
an increasing proportion of quartzite boulders from the Rocky 
Mountains ; and on the banks of the Row river were large beds of 
rounded pebbles which must have boon swept by water out of the 
valleys of the mountains, and are quite similar to those now observed 
in the bed of the Row itself. 

Reyond this. Dr. G. M. Dawson has recorded Laurentian boulders 
and fragments of limestone from the eastern Palaeozoic beds, at 
elevations of from 4200 to 40 GO feet, at the foot of the Rocky Moun- 
tains, evidencing a driftage of at least 800 miles, and an elevation con- 
siderably above that of the sources from which they came. Ho well 
observes that any thing which would explain the origin of the coteau 
must also explain the transport of these boulders so far above it and 
beyond its limits, as well as the contemporaneous distribution of 
boulders from the Rocky Mountains to the eastward. These pheno- 
mena are explicable on the hypothesis of a glacial sea of varying 
depth, but not on that of land glaciation, which would also be 
inapplicable in a region necessarily of so small precipitation of 
moisture and occupied by soft d(q)Osits so little suited to the move- 
ment of glaciers. There is iievertheless good evidence of the action 
of glaciers on a large scale in certain portions of the glacial period 
both on the Rocky Mountains and on the Laurentian hills and 
table-lands to tlio oast. 

My observations of 1883 were extended only as far as the railway- 
cuttings then in progress a few miles west of Calgary ; but the road 
now extends 120 miles further through the disturbed and folded 
portions of the Laramie and Cretaceous, and the portions of the road 
to be opened this summer in the mountains may be expected to 
afford interesting exposures of these, as well as of the Palsoozoic 
rocks which constitute the nucleus of the Rocky-Mountain chain. 

♦ The buffalo is now extiuct on these plains ; but abundant traces of its 
former presence exist in the rubbing-stones, wallows, deeply-worn paths, and 
bleached skeletons, and at one place on the Row river we saw a large deposit of 
bones covered with earth washed down from above, and apparently indicative of 
the destruction of a herd from some natural cause, perhaps unusual cold and 
heavy snow. The latter, when followed by thaw and frost, producing a hard icy 
crust, has sometimes proved destructive to cattle on the higher plains. 
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Discussion. 

The President called attention to the numerous important sub- 
jects referred to in this paper, and expressed his conviction of the 
great gratification that was felt by the Eellows of the Society at 
having Principal Dawson among them in person. 

Mr. Dauerman said he had no knowledge of the exact line of 
country described by Principal Dawson, but that he was pretty well 
acquainted with some neighbouring regions. The first point of 
importance to which he would advert was the occurrence of Upper 
Laureniian in the country west of Lake Superior. As that forma- 
tion is represented on the Labrador by a form of gneissic rock 
almost entirely composed of labradorite, the discovery further west 
of a series stratigraphically equivalent, but lithologically different, 
was a matter of great- interest. He next referred to the Laramie 
group, and remarked upon the great lignitic series which occurs 
similarly on other lines of railway crossing North America further 
to the south. All these rocks contain carbonaceous beds different 
from the usual Tertiarj^ brown coals of Europe, some being bitu- 
minous, like those of certain parts of Austria. Near the head of 
the Colorado river, some lOOt) miles south of the district described 
in the paper, there was good coking coal, and close by good anthra- 
cite also occurred in those same Cretaceous beds. He said that the 
Pocky Mountains, in this section, as seen by him, wanted the 
Laurentian axis which was met: with further south. In conclusion 
he observed that the westerly carriage of glacial drifts, and the 
peculiar erosion of the surface of this fiat country around the Great 
Lakes were very remarkable ])henomena. 

Mr. TorLEY inquired, with regard to the distribution of the 
anthracite, whether it was always found in connexion with dis- 
turbed beds. 

Principal Dawson in reply thanked Mr. Bauerman for the addi- 
tional illustrations which he had given from the country to the 
south of the Canadian boundary. In answer to Mr. Topley’s ques- 
tion, he stated that in the undisturbed portions of the Cretaceous 
and Laramie, the coals are of various qualities, the difference de- 
pending partly on the material of which they are comj)osed, whether 
wood of trees, or debris of foliage, &c., and partly on diversity of 
age ; but the anthracitic coals arc limited to the districts in which 
the beds are disturbed, and the same remark applies to the Creta- 
ceous anthracite of the Queen Charlotte Islands on the west coast, 
as compared with the bituminous coal of Vancouver Island, Ho 
hoped that many Members of the Geological Society would be in 
Montreal in August, to take part in the British Association excur- 
sions over the western districts which he had described. 
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29. On the Dyas (Permian) and Trias of Central Europe, and the 
true Divisional Line of these two Systems. By the Rev. A. 
Irving, B.Sc., E.A., E.G.S. (Read April 23, 1884.) 

In bringing this subject before the Society, it is ray intention merely 
to follow up and supplement that treatment of the questions involved 
which, through the courtesy of the Editor of the Geological Magazine, 

I was able to apply to them (more espccifilly for the British rocks) 
during the year 1882. I sluill assume that what I have written in 
that periodical is familiar, or at any rate accessible, to all Fellows 
of the Society who are interested in the question heroin discussed. 
This paper was written, for tlio most part, last summer in Germany, 
and some of the facts wore given briefly to Section C of the British 
Association at Southport. I must express my grateful acknowledg- 
ment of the aid which has been courteously given me by geologists of 
high standing on the Continent, in pnrticular by Pi’of. Geinitz, 
Dr. Franz Ritter .von Hauer, and Dr. Liebe. 1 am also greatly 
indebted to the Museums of Dresden and Freiberg, and to the Geo- 
logische Reichsanstalt in Vienna. 

Without committing myself to a definite advocacy of a substitution 
of the name Dyas for the name Permian, 1 must be allowed briefly 
to point out ihat it is not a mere question of names. The Permian 
system of Murchison was essentially a tripartite one, and in a|)plying 
it to the rocks of central Europe (and to those of the British area) 
he raised the question of the true position of certain thin-bedded 
sandstones and marls (Sand- and Mergcl-schiefer of German writers), 
which ho (following some German writers) named “ Buntor- 
schiefer.” In so doing ho necessarily raised the question of the true 
divisional line between the Falceozok and Mesozoic Series, Whatever 
the relative values of the names “ Dyas ’’ and Permian may be, 
the facts connoted by those names respectively are of great im- 
portance in settling a vexed question of classification. It is beside 
the point to say that if the upper boundary of the Zcclistein shows 
signs of denudation, there may have been, by a (juondam upward 
extension of the Dyas, an original “ Trias ” of post-Carboniferous 
age : the question before us is. What is the true age of the “ Bunter- 
schiefer ” ? And it is impossible to discuss this without also con- 
sidering the further question of the conform ability or unconform- 
ability of the Dyas or Trias of Central Europe, and this of course 
involves us of necessity in the question of the true upper limit (if 
it can bo drawn) of the Palaeozoic Series. 

This paper has originated simply in an attempt to answer the 
question as to the true age of the Bunterschiefer, and to do so as far 
as possible from direct evidence in the field. 

The name Dyas (Avas), which was first proposed by M. Marcou 
in 1859, was adopted by Geinitz, in preference to the several geogra- 
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phical names whicli had been previously proposed, in his great work*, 
which appeared at Leipzig in 1862 ; and the name has been gradually 
coming into general use on the Continent since that time. It is not 
merely that the name links together in one post-Carboniferous system 
the two great formations of the Rothliegende and the Zechstein 
(the former a land- and shore-formation, the latter essentially a 
marine deposit), hut it has reference also to the fact of a remarkable 
parallelism (much more general and more definitely marked than 
usual) between the middle and lower stages of the Zechstein and the 
conglomeratic series of the Upper Rothliegende, to which further 
reference will be made later on in this paper. Many sections might 
be given to illustrate this, but I shall content myself with a de- 
scription of that represented in fig. 1 , to which Prof. Geinitz was 
good enough l-o dirt^ct my attention last summer. 

Pig. 1. — Section near Epjngnellen (iV. Tlmringla\ showing the paral- 
lelism hetv^een the Upper Roihliegende and the Middle and Lower 
Zechstein, 


Valley of eroBion. 



a. Lower Rothliegende. 

h. Middle and Lower ZechsH?iii including Kupfersohiefer and the i min ediaiely 
underlpiig Grauliegende (= “ Weissliegendo” of some writers). 

Upper Rothliegende (granitic conglomerates of the Wartburg, &c.). 
e. Upper Zeehstinn (witli Schizodus Schlotheimi, &c.). 

* Werra Railway Tunnel. 

The succession of the strata is seen in open sections, and the 
character of the Upper Rotliliegende conglomerate is altogether 
different from that of the well-stratified brecciated sandstones and 
marls of the Lower Rothliegende. 

The main point with which we are at present concerned, how- 
ever, is the true divisional line of the Dyas and Trias. So far from 
there being a natural passage from the one to the other (as Mur- 
chison supposed) there are clear and extensive signs of erosion of the 
Zechstein, upon which the lowest Triassic strata (the Runterschiefer) 
are superimposed ; and Prof. Geinitz has pointed out to me that the 
same break is observable in South Lancashire, where the Magnesian 
Limestone with Schizodus Schlotheimi (the equivalent of the Platten- 

* ‘ Die Dyas oder die Zechsteinfonnation und das Rothliegende (Permische 
Formation zum Theil),* von H. B. Geinitz. 
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Pigs. 2-8 . — Sections of Quarries m. 
Fig. 3. 



Quarry, No. 6. 


/. Later drift, generally gravelly, in No. 1 consij 
€. Soft sandstone, with angular fragments of vei 
d. Thin-bedded sandstone (4 feet). 
c. Dolomite conglomerate (4 feet). 
b. Dark red and mottled thin-bedded sandstone! 
a. Upper Zechstein (Plattendolomit) with ^hizi 
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dolomit of Central Germany) is overlain by the lowest Bunter 
strata. On this point it is only necessary to refer to the papers and 
correspondence which appeared in the ‘ Geological Magazine ’ during 
the year 1882 

We must now refer to actual sections for evidence of a con- 
siderable break in time between the deposition of the Zechstein and 
that of the Bunterschiefer. 

1. The first section will be found described in the ‘ Sitzungs- 
berichte ’ of the ‘ Tais ’ in Dresden for last year, by Hr. A. Ditt- 
marsch. It is at Ostrau, in the eastern part of the kingdom of Saxony. 
With the aid of sectional drawings, Dittmarsch has given a very 
complete description of the sections at Ostrau, showing that the 
subjacent Zechstein (Plattcndolomit) must have been eroded, fissured, 
and partly destroyed, and the widened fissures subsequently filled 
up with brecciated masses of angular fragments of dolomite (now 
bound together by a calcareous matrix), before the deposition of 
the Bunterschiefer. 

‘^This section,^' says Dittmarsch, “ furnishes a limit in time between 
the Plattendolomit of the upper Zechstein and the lower thin-bedded 
strata of the Buntcrsandstcin, which one ought not any longer to 
attempt to explain away by artificially-constructed theories.” 

2. 1 have examined and made sections of the quarries near 
Mcerane as given in figs. 2-8, Prof. Geinitz having directed my 
attention to them. 

The sections (seven in number) on the fly-leaf form a con- 
tinuous series, extending for about a mile along the face of the 
hills which lie to the right hand of the road from Meerane to the 
village of Haidchen, near the western boundary of the kingdom 
of Saxony. Toothing can bo clearer than the relation of the Zech- 
stein to the marly shales (Mergelschiefer) and the Lettensandstein 
(thin-bedded Buntcrsandstcin) above. To make the full interpre- 
tation of the sections clearer, one or two remarks may be of some 
service, it being premised that the quarries are all open, and the 
sections fresh, so that these remarks record direct observations, and 
arc not inferential. 

(1) The marly sandstones lie in aU cases upon the highly eroded 
surface of tho Plattendolomit (with Schizodus SchlotJmmi) of the 
Upper Zechstein. 

(2) The erosion of the Zechstein is most pronounced. Not only is 
it water-worn (as the upper surface of the Magnesian Limestone is in 
our northern counties), but ihe extent to which suhaerial erosion has 
proceeded is very great. This is more evident in tho sections than 
can be made clear from a drawing. These dolomite crags, on a small 
scale, remind one of the atmospheric erosion of the Dolomite Alps, 
though the sharpness of their angles has been subsequently rounded 
off a little by the scouring action of sand and water previous to the 
deposition of the Sand- and Mergelschiefer upon them. 

(3) The upper series is most marly at the base, and becomes 
gradually more arenaceous as we pass upwards. Only occasionally 

♦ Decjade ii. vol. ix. pp. 158, 219, 272, 316, 491, 528, 559. 
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and very slightly is the uniform horizontality of the Buntersohiefer, 
as shown in the drawings, departed from. 

(4) In the quarry No. 7 (fig. 2), two great fissures have been formed 
in the dolomite, one of which is five feet wide, and its bottom is not 
exposed in the quarry. These are filled with a brecciated accumu- 
lation of debris, partly fragments of the Eothliegonde, partly frag-’ 
ments of the dolomite itself ; so that the latter was not only depo- 
sited, but even indurated, prior to the deposition of the supoijacent 
Bunter. 

(5) In some places the Bunter is as completely arenaceous and as 
mottled as the Lower Bunter Sandstone of the Nottingham country ; 
and in a fresh section the mottled character prevails throughout the 
series more or less. 

(6) . Quarry No. 6 (fig. 3) gives by far the most complete example 
of the succession, as it includes a higher member of the Bunter 
series. The latter corresponds with the ‘‘ Pebble-beds ” of the 
Middle Bunter of England, except that it is redder, and the contained 
fragments are almost all angular and subangular fragments of 
vein-quartz (with an occasional angular fragment of dolomite), 
derived, along with the highly micaceous sands of the sandstones 
below, from the old gneiss which is exposed over such a large tract 
of country not far from here, and all the way to and beyond Frei- 
berg. 

The dolomitic conglomerate shows the enormous waste which the 
dolomites of the Zechstein were undergoing in early Triassic times. 
The dolomite occurs in it in the form of rounded transported boulders, 
for the most part imbedded in a red marly matrix, without any 
signs which I could perceive of concretionaiy^ growth ; and this 
structure comes out in the clearest possible manner where the con- 
glomerate has suffered weathering on the face of the quarry. 

In Quarry No. 2 (fig. 7) the thick lino rejuosents a deposit of black 
bog-iron ore. The limestone is stained black, sometimes for several 
inches from the surface, and the smaller joints are filled Avith black 
ochreous matter. The erosion of the dolomite appears in this case 
to have gone on under a morass. The lowest Lettcnschiefer are 
very marly here ; colour varying through light grey, yellow, and 
light purple, to the bright red of the Sandschiefor above. 

The evidence taken altogether in this district of the west of 
fc>axony agrees with the observations of Herr A. Dittmarsch at Ostrau 
to the east, and points even in a more marked manner to a break in 
time between the Zechstein and Bunterschiefer. 

Dr. Liebe of Gera informs me that the extensive erosion of the 
Zechstein dolomites, which I have described above, and which Herr 
A. Dittmarsch has described at Ostrau, is generally to be observed 
in the old Saxon country, wherever the upper limit of the Zechstein 
IS to bo seen. 

Space does not allow me to do more than suggest a reference here 
to the section given in Credner’s Geology*, across the Triassic 

* 8rd ed. Leipzig, 1876, fig. 244, p. 470. This seems to be regarded by 
Oredner as a typical section. uy 
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district between Eisleben and Mansfeld, in which a relation between 
the Dyas and Trias at tho eastern end of the Hartz region is shown, 
very similar to that which exists in Saxony, as I have shown 
above. 

3. North Thuringia , — Having spent some time in this district last 
summer, with Eisenach as a centre, I have seen a go«d number 
of sections of both the Dyas and Trias around the margin of the 
Thiiringerwald. One of the best is that furnished by the dolomite 
ridge known as Gdpelskuppe, which extends in a N.W. to S.E. 
direction for about an English mile near the town of Eisenach and 
forms the end of the section given at p. 334 of ‘ Siluria/ The 
dolomite strata form tho ridge of the hill from end to end, and 
there is no capping of the hill with Bunter strata. In the 
accompanying drawing (fig. 9) a transverse section of the hill is 
shown, the observations on which the section is based being made 
from three (|uarries and a road- cutting over the hill. 

Fig. 9 . — Section across Gbpelskuppe^ near Eisenach. 



13. Buntersandstein, much contorted and dislocated, cemtaining in some of its 
beds fragments of tlie strata Zj and Z^.. At the east end of the hiU ite 
junction with the Zeclistcin dolomiles is seen. 

Zy Dolomite, massively -Ixidded strata full of remains of Polyzoa. 

Z Kinely-brccciated bo<ls T-asHiug up into Z I =QrauUegende . 

Z 3 . t/oarse grey conglomerute passing down into It. J ° 

E. Upper Eothliegende conglomerates of the Wart burg, &c. 

* Breccia at base of B, lying upon the eroded surface of Zj^, containing (1) 
angular weathered fragments of Zj, ( 2 ) smaller fragments of strata of the 
horizons Z.„ Z,,. 


The conglomeratic scries II, Z,, is only a local variation of the 
Upper Eothliegende, which is seen in such enormous proportions 
about tho Wartburg and the Marienthal. The strata marked E are 
of the predominant reddish colour ; but those marked Z.^ and Z^ are 
finer and more stratified, and the matrix in which the fragments 
(porphyritic granite, quartz, schists, &;c.) are included is of a grey 
ashy nature, largely derived no doubt from the tuffs associated with 
the quartz-porphyries and felsites of tho neighbouring Paleeozoic 
land. It is this local variation of the Upper Eothliegende to which 
the name “ Grauliegende ” is correctly applied. In a quarry further 
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along the hill the massive limestones (Z^) have been removed, and 
the strata of the horizons Z^, Z^ are of a finer and more calcareous 
nature ; and here the origin^ stratification would seem to have been 
obliterated by development of concretionary structure on a largo 
scale, perhaps since the removal of the massive limestones. [Here it 
is worth while to note again the parallelism so frequently repeated 
between the conglomeratic Upper liothliegcnde and the Kauchwaoke 
of the Middle Zechstein.] 

The actual junction of the Zechstein dolomites (Zj) was seen 
clearly in one quarry ; and there the lowest Buntcr strata rest, with 
a breccia for their basement-bed, upon the eroded surface of the 
Upper Zechstein dolomites. The fragments includjed in the breccia 
are partly ragged weathered fragments of the limestone itself, partly 
derived from the strata of the horizons Z, and Z.^. 

The Buntcr strata yielded only small sections here and there, 
•though enough to show that they are much contorted and dislocated, 
one or two actual faults being exposed to open day. In some of the 
beds of sandstone of this series fragments whose origin could without 
a doubt bo traced to the strata of the horizons and Z.^ (fig. 9) of 
the neighbouring hill, were found by me enclosed in the rod sand- 
stone. We thus have, in addition to the brecciated basement-bed 
shown in the figure, unequivocal evidence of the extensive erosion 
of the Zechstein strata in this region before the deposition of the 
lower Bunter strata. 

At the south-east end of the hill the dip of the Zechstein and 
Bunter is observed to be the same, so that, if the junction of the two 
series were not seen, it might be inferred that there was a conformable 
sequence between them. At this particular spot the Bunterschiefer 
are less broken up by faults than towards the other end of the hill, 
and a country road happens to traverse the open country here in a 
direct lino north and south. The strike of the thin sandy strata of 
the lower Buntcr is seen for a considerable distance running due N. 
and S. along the lino of this road ; so that there is a discordancy of 
strike between the strata of the Buntcr and those of the Zechstein 
of something like 45° of the compass. We are here near the end of 
the dolomite ridge of the Zechstein, and the map shows the Banter 
passing beyond the end of this ridge and reposing against the 
Eotbliegende, until finally it overlaps this and rests against the 
schists to the south. These facts, taken along with those mentioned 
in the description of the section, especially the discordancy of strike 
of the two series, suggest a marked unconformity, as a little 
consideration will show. If we could restore the Bunter strata here 
to their original position of deposition, and the Zechstein strata to 
the position in which they must have been placed relatively to the 
Bunterschiefer, when the latter were deposited upon them, wo should 
necessarily have them in the position in which they existed in early 
Triassic times. The discordancy of strike now observed would then 
appear as an unco7iformity of stratification. 

One or two remarks ought further to be made here on the 
general discordancy of deposition of the Bunter series upon the 
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Dyassio strata all round the northern end of the Thiiringerwald. 
TheBunter strata not only lie, as I have just shown, unconformably 
against the Zechstein series on the side of Gopelskuppe, but they 
lie, as traced round the flanks of the mountains, against different 
members of the Dyassic Series. 

(1) Between Mosbach and Kittelsthal the Zechstein is overlain 
transgressively by the Bunter, so that the latter extends up an 
ancient bay of the old Thuringia land, and rests against the mica- 
schists on the one side and the Bothliegende on tho other. 

(2) At both ends of Gopelskuppe the Bunter overlaps the 
Zechstein and rests against the RothHegende. 

(3) For some miles along the Hdrsel Valley the Bunter, which is 
visible at the foot of the Eamsberg, passes under the alluvium of 
the Hdrsel (according to Prof. Senft) and reposes upon tho Roth- 
liegende of the hills which extend N. W. from the Wartburg. 

(4) Lastly allround the western side of the northern end of tho 
Thuringia Bergland the Zechstein series comes in again from the 
village of Hraudenburg (at tho junction of theWerra and Hdrsel) and 
continues all down to and beyond Schweina. The dip (about 25'’) 
of the Zechstein series is here plainly to the S. W., as is well seen 
about Eppignellen and Fdrtha ; while in all the cuttings in which 
the Bunter sandstone is observed from the latter place to Salzungen, 
tho strata appear to bo horizontal, as in the sketch section here 
given. 

Fig. 10. — Section on western side of Thuringia comhiniwj sections on 
the Wey^ra liailway, from Fortha to Burelchardsroda, 


Zechstein. Bothliegendc. 



Buntersandstein. Dyassic strata. 

Prof. Geinitz insists very strongly upon the pronounced uncon- 
formity of deposition of the lowest Bunter strata upon the eroded 
surfaces of the Upper Zechstein. He points out * that the conformity 
upon which Murchison insisted is only apparent, and that it was 
only from insufficiency of observations that he was misled on this 
point. It follows of course that wherever (following Murchison) I 
have spoken elsewhere of the Trias of Germany following conform- 
ably upon the Dyas, all that must now bo considered as unsaid. 

There is, it appears, no ' transition in Central Europe between 
the Dyas and the Trias ; and if such a transition is to be found else- 
where, either in Russia or in the Alps t, the fact only seems to 
emphasize tho more the break between the two systems in Germany. 

The splendid collection of Zechstein fossils of Herr Robert Eisel 
of Gera, which their owner kindly allowed me to examine, impresses 


* Sitzungsber. der Isis, ad loc. dt. 
t Vide Geol. Mag. Nov. 1882, pp. 497, 498. 
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one strongly with the close relationship that subsists between the 
Zechstein and the Carboniferous marine faunas ; and a similar 
closeness of relationship between the floras of the Coal-measures 
and the llothliegende is proved by an examination of Yon Hauer^s 
collection in the E^cichsanstalt at Vienna. The use of the term 
‘ Post-Carboniferous/ as I have defined it elsewhere*, seems therefore 
to be fully justified. 

Genekal Relation of tue Dyas Group to tue Older Members 
OF tue Paleozoic Series. 

When one studies the rocks of the Dyas Group in the field, as I 
have done during the past summer in Germany, an impression takes 
hold of the mind that in the conditions of their (leposition the strata of 
the German Dyas are far removed from any close relation with the 
Trias Group. This impression becomes more and more confirmed 
as one goes on, and to a degree which no amount of reading about 
them will onal3lc an English geologist to (juite understand. Not 
only is there a stratigraphical break, but a very marked petrological 
contrast between the two groups, which can hardly be understood 
from mere diagrams and descriptions. 

The Lower Rothliegende is for the most part a shore- and bay- 
deposit, filling in many cases the arms of the sea which washed 
the flanks of the more ancient Palaeozoic land of Central Europe, 
lying very often unconformably upon the Coal-measures, in other 
cases upon the bituminous slates of the anthracite-bearing Culm, 
again in other localities lying upon the schists or por]:)hyrieB of 
the still older land, and in Baxony against the syenite itself. In 
northern Thuringia, for example, it consists of fine micaceous sands 
and marls, with a more or less shaty structure, enclosing in some 
of its beds angular fragments of quartz to such an extent as to 
give it the characjtor of a breccia, all its materials pointing to the 
waste of the adjacent land of Thuringia as their source. In this 
way materials were furnished and deposits formed, by which the 
productive coal-strata were covered up over many portions of what 
is now Central Europe. 

The Lower Rothliegende in some districts, as in Thuringia, passes 
upward into the granitic conglomerate of the “ Ober Rothliegende,’^ 
which marks a further and distinct stage in the progress of the 
degradation of the more ancient land of Thuringia, a true Gebirgs- 
insel ” or mountain-island. In the vicinity of Eisenach, where I 
have examined it most in detail, I have found included fragments 
of granites, gneiss, quartz, mica-schist, diorite, quartzite, syenite, 
and even occasionally a lump of an older Palseozoic conglomerate ; 
and to these Prof. Benft of Eisenach adds lyditc, hornstone, and 
felsite. Every one of these can be traced, as to their origin, to the 
rocks now exposed in Thuringia. As a rule, the granite-fragments 
are much more rounded than the fragments of the other rocks, a 
fact which can be explained by the greater distance of transport 

* Geol. Mag. Dee. ii. vol. ix. p. 494. 
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which they have undergone, the granitic conglomerate of the Upper 
Kothliegende lying, as a rule, contiguous to the schists and porphyries, 
and more or less remote from the granite regions. The granite 
fragments are, some of them, of a porphyritic granite, others rather 
fine-grained normal granite. They are identical with the granites 
exposed over many miles of the higher parts of northern Thuringia, 
across the Eennstieg, for example, all the way from Euhla to Alten- 
stein and Liebenstoin. In this district the coarse porphyritic granite 
predominates, but it assumes a more normal character towards 
Euhla ; and in one quarry about a mile from that village (famous 
in ancient legend), the one variety is seen passing into the other, 
and the two are commonly seen mingled together in the heaps of 
broken-up stone by the road-side. Wo may say, in fact, with Trof. 
8cnft, that “ the Eothlicgcnde of the north-western Thtiringerwald 
consists of the destruction-products of the Euhla mountain-island ” 
(‘ (xaea, Flora u. Fauna der Umgegend von Eisenach,’ by Dr. Ferd. 
Senft, 1882, p. 29). In the neighbourhood of Gera the included 
fragments of the Eothliegeiide consist for the most ])art of quartz, 
clay-slate (with fucoidal markings), andculm-sehists, furnished, along 
with tlie oxidized red marly matrix, by the older Ihilfeozoic rocks 
of that district. Again in the Flaiienscher Grund near Dresden, 
the syenite which extends over many miles of the kingdom 

of Saxony, has furnished the included fragments of the Eothlie- 
gende conglomerates for the most part. The uppermost strata 
of the Lower Eothliegeiide are generally bleached for several feet 
downwards, otherwise the character of the strata is the same as 
that of those below. In the Gera district, and especially in the 
Pfordenor Derg, these are overlain normally by the Zechstein strata 
from the Kupferschii^fer upwards. The change of colour is possibly 
duo to the bleaching action of vegetable acids contained in the 
waters from the adjacent land, when the process of mechanical 
deposition of the materials became less rapid^'. 

The Lower Eothliegende strata are, as a rule, well-stratified aqueous 
deposits of a littoral character ; but the same is scarcely true of the 
Upper Eothliegeiide as it is developed in North Thuringia. I have 
not seen the idea suggested anywhere ; but the vast proportions of 
these deposits {e.g- about the Wartburg and Hohe Sonne), the 
angular nature of their included fragments (for the most part), and 
the feeble development of their stratification, as shown on their 
weathered surfaces, suggest, to my mind, a comparison with the 
mud-streams (Schlammstrdme) which one meets with in certain 
Alpine valleys ; that is to say, instead of being true sedimentary 
aqueous deposits, they are, as I take it, but indurated accumulations 
of streams of mud and stones from the once higher mountains of 
Thuringia, and thus constitute a true Dyassic' diluvium”. 

This direct relation of the Eothliegende to the character of the 
adjacent land, which is so marked throughout that formation, and 
is generally wanting in the formations of the Trias, serves to estabHsli 

* See communication by the author to Section C of the Brit. Assoc. Befport, 
1883, pp. 504, 505. 

Q.J.a8. No. 159. 2 b 
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a general broad phyidoal distinctioii between *the two groups of 
strata as they are developed in Central Europe. 

This character applies also to some extent to the Zechstein. ^ The 
Upper Eothliegende, it most be home in mind, is never overlain by 
the lower and middle meitibers of the Zechstein, though it is by the 
Flattendolomit, or uppermost member of that formation. Then 
again the horizontal variation of the strata of the Zechstein series is 
very marked and noteworthy. At one place the lower and middle 
members of this series consist of marls abounding in gypsum, which 
is extensively worked in many localities; at another, the Lower Eoth- 
liegende is succeeded in ascending order by the normal sequence of 
Kupferschiefer, Middle and Upper Zechstein strata ; in others again 
the normal Kupferschiefcr and Middle Zechstein are replaced by 
the conglomerates known as Grauliegende,” with an ashy grey- 
green matrix, derived for the most part from the tuffs associated 
with the quartz-porphyries and folsites of the adjacent primeval 
land. The importance of these facts can perhaps be only fully 
appreciated in the field ; yet when one contrasts this horizontal 
irregularity of the upper members of the Dyas group with the uni- 
form character of each of the three members of the overlying Trias, 
as they are cxi)osed over hundreds of square miles in Middle and 
Southern Germany, and the regular and conformable succession 
of the Banter, MuschelkaDc, and Keuper, we find a striking contrast 
between the German Dyas and Trias, based on physical facts 
alone, the importance of which, when taken along with the X)al8D- 
ontological evidence, can scarcely be denied or explained away. 

General Eelation of the Bermian to the Trias. 

Since Murchison wrote on the Permian Group the extension of 
our knowledge of this grouj) and of the Triassic Grouj) of strata h[is 
[daced us in a position to form a more correct ])eroeptiou of their 
relation to one another in the European series of rocks ; and this 
has mainly come about, thanks to the labours of our Geiman and 
Austrian confreres, by the more accurate knowledge which we now 
possess of the marine conditions of the Triassic period, as they are 
recorded in the many thousands of feet of strata of Triassic age 
wliich cover extensive areas on both the northern and the southern 
sides of the Eastern Ali)s. 1 have attempted elsewhere* to give a 
succinct account of those strata, and need not therefore occupy space 
here with any details. Special reference, however, may be made to 
the writings of Credner, Von Hauer, and Giimbel, and to the splendid 
monograph of Mojsisovics on the Alpine Cephalopoda. 

Taking a broad and general view, we may say of the Permian 
and Trias that they are inversely proportional : the former, so 
far as the European area is concerned, is essentially a northerly 
system, thinning out towards the south (a fact which Murchison 
recognized) ; the Trias, on the other hand, is essentially a southerly 
system, becoming more and more feeble in its development towards 
the north. 


♦ Vide Geol. Mag. Not. 1882, p. 494. 
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In the Eussian area the Magnesian-limestone series constitutes 
an important formation of considerable dimensions as the represen- 
tative of marine conditions. In North Germany it is palseontolo- 
gically by far the most important member of the Dyas Group ; but 
as we proceed southwards in the country about the Eiesengebirge, in 
Bohemia and in Bavaria, the Zechstein member of the Dyas gradually 
disappears, so that there the Dyassic Group is represented only by 
rooks indicative of shallow-water conditions. The same holds good, 
as is well known from the ordinary text-books, for the Permian 
series of England, the Magnesian-limestone strata becoming gra- 
dually attenuated from north to south, so that they dwindle from 
a thickness of 600 feet in the county of Durham to a series of thin- 
bedded, unfossiliferous, and more or less gritty coarse limestones, 
until about the latitude of Nottingham they disappear altogether. 
Again, in addition to the vast areal extension of the Eussian Per- 
mian series, it is worthy of remark that in Courland and Lithuania 
the Zechstein type is developed though not over a very large area; 
and Mr. Twelvetrees t has recently shown how complete is the de- 
velopment, in the Orenburg country on the west of the Urals, of 
the Zechstein formation, as distinct from the subordinated limestone 
strata which occur there interbedded with the lower series of sand- 
stones, grits, and conglomerates, just as occasional limestone-bands 
occur in the Lower llothliegendc of Germany. 

Upon the whole therefore we seem justified in saying that in 
Permian or post-Carboniferous times anything like deep-sea conditions 
prevailed chiefly towards the northern and north-eastern portions of 
the European area, in which the rocks of the period were deposited, 
and that as we proceed southwards we find signs of the gradiuil dis- 
appearance of conui lions favourable to their typical development. 
This fact may help to explain the stunted and dwarfed condition of the 
Palaeozoic types of life as they arc presented in the fauna of the 
Magnesian-limestone or Zechstein series. It was not merely that 
the latitude of the marine area (or areas) in which these remnants 
of a PaloDozoic fauna continued to exist, was ratlier high, but con- 
ditions as to temperature, more unfavourable to organic life (in its 
fuller development) than could be accounted for by latitude alone, 
would seem to have prevailed. Differences in the physical geography 
of this part of the surface of the globe, and a different relative 
distribution of land and oceanic waters, may have been, and probably 
were, such as to exclude the free oceanic circulation of warmer waters 
from the south, while free access was permitted to colder currents 
from high arctic regions. As the north-eastern area of Britain was 
shut off from the midland counties, and perhaps from what is now 
Lancashire and the vale of Eden, so on a much grander scale it 
would appear that there was an extensive region about the middle 
of Germany and Bohemia which shut off the area of the post-Carbon- 
iferous rocks of Europe from free communication with more southern 

* Oredner, ‘ Elemonte der Geologic,’ p. 484. 

t Geol. Mag. Dec. ii. vol. ix. p. 409 ; also Quart. Joum. Geol. Soc. toI. xxxviii. 
p. 490. 
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waters. Extensive continental conditions must have prevailed*. 
The ancient rocks of the Bohemian region are probably the skeleton 
of such dry land as then existed. In travelling in that country and 
in the adjacent regions of Upper Austria one hardly fails to bo 
struck with the resemblance of its mountain-regions to the moun- 
tains of Wales and Scotland. This resemblance is not a superficial 
one ; in both cases we have the wom-down stumps of more ancient 
mountain-systems of much greater dimensions than those which 
exist to-day t. The elevation of Bohemia and Upper Austria, a 
region which is skirted on the south by the Danube from Passau to 
Krems, must have taken place in times long anterior to the upheaval 
of the Alps, and dates at least as far back as post-Carboniferous 
times. Since then, while many thousands of feet of Mesozoic strata 
were being deposited at the bottom of the sea, in what is now the 
region of the Alps, the Bohemian region has been suflPering denuda- 
tion. The Bohemian coal-field, which yields true scam-coal of 
Carboniferous Age, is a remnant of the deposits of that early period 
in Central Europe ; and another remnant of the same once more 
extensive de])osit is found in the coal-field of 8axony, where one 
scam of coal attains the enormous thickness of 24 feet. The Both- 
liegendo of the kingdom of Saxony and of Bohemia, which is of huge 
proportions, represents nearly the whole of the post-Carboniferous 
deposits on the northern Hank of the Bohemian region, which must 
be considered as extending so far north as to include the country 
about Dresden^;. In the shallow arms of the sea which washed the 
northern side of this ancient and now much -denuded remnant of an 
old contijient, the coarse dejjosits of the Bothliegende were accumu- 
lated, deriving their materials mainly from the waste of the igneous, 
Cambrian, Hilurian, and Carboniferous rocks of that region, as may 
be seen by an examination of their contents. This condition of 
things would seem to have continued through almost the whole pos1>- 
Carboniferous period on the northern flanks of the ancient Bohemian 
region, while further to the west and north, in Thuringia and in the 
countiy about the Hartz, the major ])ortion of tho Zechstein strata 
were being deposited under conditions more or less truly marine. 
Towards the close of the Dyassic period things seem to have settled 
down and become more quiescent, a slight subsidence of tlie whole 
area occurring, since the upper member, of, the Zechstein (Plattcn- 
dolomit) which elsewhere more generally overlies tho middle and 
lower members of the Zechstein group, rests generally in the king- 
dom of Saxony upon the Bothliegende, the replacement of the 

Cf. Dr. H. Trautschold “ On the periodical movemeiits of continents,” Geol. 
Mag. ^ov. 1883. I am glad to find some of the ideas which I have ventured 
to put forward here, agreeing with some of those of Dr. Trautschold, whoso 
paper I read after this was written. 

vol x^p ^1^2 P' Bapworth, Geol. Mag. Dec. ii. 

f Dr. Trautschold {ibid.) notices that the absence of several systems of 
mariue sediments speaks in favour of a long continental period in Eussia in the 
Uovenment of Moscow, from the end of tlie Carboniferous period to the middle 
ot tne Oolitic period. 
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Middle and Lower Zechstein by the Upper Eothliegende being in that 
region, according to Geinitz, the usual order of things*. All through 
Triassic and Jurassic times, however, a large part of Central Europe, 
of which we may regard Bohemia as the centre, was elevated above 
the sea : and it is only when we come down to later Cretaceous 
times that we find evidence of the sea again spreading over the 
Bohemian main-land. An example of this sequence of things is seen 
in the neighbourhood of Dresden. In the Plauenscher Grund the 
Eothliegende is found overlying the productive Coal-measures, and 
both of these lie against the flank of the syenite massif of that 
district. Immediately upon the Eothliegende lie rocks of Cretaceous 
age, consisting of Greensand, QuaderSandstein, andPliinerSandstein. 
From this sketch, which can be verified by a reference to Yon 
Dechen’s map of Germany, it would appear that it is more than a 
mere hypothesis upon which the present speculation rests ; while in 
the Geologischc Eeichsanstalt at Yicnna the same great break in the 
succession of the Bohemian strata is shown by the remains of the 
flora exhibited from the Coal-measures upwards to the Cretaceous 
rocks. 

This ancient liohegaian district which may be considered par 
eoocellence the Cambria and Siluria of Central Europe, has probably 
nev(5r been wholly submerged since its elevation in post-Carboniferous 
times. In later Cretaceous times, however, a partial subsidence of 
the region permitted the intrusion of marine waters over great 
portions of the country which now are occupied by the basins of 
Vienna and Bohemia. What is especially important to note here is 
the prevalence during Triassic times of true marine conditions over 
the area now occupied by the Eastern Alps t with their various rami- 
fleations, and extending far away (how far it is impossible perhaps 
to say) to the south of this central Euro])ean Cambrian and Silurian 
land-area ; while continental conditions, as represented by the 
Bunter and Keuper formations, extended to the west and north of 
the same region, with an interlude represented by the Muschelkalk, 
when the marine conditions which prevailed to the south all through 
Triassic times were extended northward, though never so far as 
the British area. The feebler accentuation of the facies of the 
Muschelkalk as a distinct marine formation towards the north and 
west in the German area may be considered as a well-established 
fact of European geologyj. 

The crystalline rocks of the Black Forest, against and around the 
eroded flanks of which the Triassic rocks lie, are probably another 
remnant of the great east-and-west barrier which has been described ; 

See ‘ Fiihrer durcb das k. mineralogische Museum in Dresden,’ p. 64. 

t I do not mean to say there was then no land in the Eastern Alpine area. 
Our President, Prof. Bonney, has lately shown reason for believing in a con- 
siderable elevation of the crystalline rocks of the central chain prior to Triassic 
times (‘ Nature,’ vol. xxx. p. 45) ; and there is enough difference between the 
Triassic strata and their included organic remains, on the north and south of 
the Alps, to show that they were not deposited in one and the same, although 
in connected, areas (Geol. Mag. Dec. ii vol. ix. pp. 499, 500). 

X Vide Oredner, ibid, p, 497,1 and the table, pp. 602-505, 
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and when we bear in mind the absence of the Zechstein (and there- 
fore of Byassic marine conditions) in the country intervening between 
the Black-Forest region and the Bohemian region, and the prevalence 
there of “ continental ” conditions through all the periods of the 
Byas and Trias (except during Muschelkalk times), we can under- 
stand, I think, the marked difference which presents itself between 
the more northerly Byassic marine fauna (Zechstein) and the more 
southerly fauna of the Alpine Trias. Even where dry land was 
wanting in the intervening area, the waters which existed must 
have been so shallow and turbid (as is shown by the nature of their 
deposits) that living forms would for the most part recede from them 
to the north and the south, leaving only such remnants of a fauna 
as are represented by Pahonmus vraiishviensis, Xenacanthus 
Declieni, and Amnthodes f/radlis of the red limestones, which arc 
here and there intercalated with the mechanical sedimentary 
deposits of the liothliegende*. The fauna which remained in the 
northern area became, perhaps for reasons already suggested, stunted 
and dwarfed, while the number of species diminished. On the other 
hand, the more favourable conditions prevalent in the marine area 
to the south of the great barrier would cause Ijjiese forms to continue 
and oven to flourish (with some modifications) long after animals of 
the same Palmozoic facies as themselves had disappeared altogether 
from the fauna of more northern seas. Migration of species caused 
by alterations in the relative levels of sea and land, with the acci- 
dental formation of barriers aflbeting oceanic circulation and there- 
fore the temperature of the waters, together with such modifications 
of growth as would be induced by a somewhat altered set of con- 
ditions in their environment, can be accounted for on considerations 
based upon the indications which we can read to-day of the past 
physical geograjhy of Central Europe; and such considerations seem 
to furnish the explanation of what has been hitherto looked upon as 
an anomaly in the phenomena presented by a comparison of the 
post-Carboniferous fauna with the fauna of the Alpine Trias. 

Bisctjssion. 

The President pointed out that the name Permian was formed 
on a sound principle, and that the name Bj^as was formed on a 
principle which was objectionable. 

Prof. T. lluPERT Jones, thanking the author for his collection of 
facts and opinions, protested against a continuance of M. Marcou’s 
disrespectfully worded allusions to the late Sir II. I. Murchison’s 
mistakes, whether supposed or proved. Sir Bodcrick thought he 
had reason to complete his Permian System ” symmetrically with 
the Bunterschiefer. If an unconformity really occurs between the 
Zechstein and this sandstone, it need not destroy the systematic 
succession, and certainly need not be made an occasion to reiterate 
irreverent remarks on one who advanced geology very much many 
years ago. As for the name “ Permian,” it was not to be thrown 
away because other strata also occur in the Government of Perm. 

* Creclner, ibid. p. 48.'^. 
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As for the word “ Dyas,” if it meant (as asserted) the occurrence of 
two sets of strata, terrestrial and marine, it was applicable to many 
formations. Further, the asserted pre-Triassic denudation of the 
Zechstein may have removed strata enough to have constituted it 
once a Trias or even a Tesseras. The local absence of the upper- 
most portion of a formation allows the Lias, for instance, the Oolite, 
Chalk, Eocene, &c., to be found perfect only here and there ; and the 
existence of any supra-Zechstein Permian sandstone anywhere 
negatives the general adaptability of the word “ Dyas.” The speaker 
criticized one of the illustrative diagrams, and pointed out that, with 
Mr. Irving’s explanation of Prof. Geinitz’s second aspect of I)yas, 
namely the duality or lateral parallelism of strata, we should have to 
regard nearly all limited, lenticular, mU^rcalated beds as “ Dyadic.’’ 

Mr. Topley did not think the evidence adduced was sufficient to 
prove the unconformities insisted upon. The facts shown in the 
sections exhibited could be explained by chemical erosion. 

Mr. pLANEORi) doubted whether several of the sections brought 
forward by the author had been rightly interju’ctcd. He agreed with 
the last speaker that some of the sections adduced look hko subter- 
ranean removal of a calcareous rock by water containing carbonic 
acid. He thought the name Permian, as being the older, ought to 
stand, but that Permian was merely Upper Carboniferous. 

Prof. M ‘Kenny Hughes was in favour of retaining the old name 
“ New Ked ” for both Permian and Trias of Dritain. He considered 
that in this case the physical evidence was of more importance than 
the paljBontological, especially as fossils were rare in both the lower 
and ujDpcr divisions. He criticized the fossil evidence, pointing out 
that new t5'pc^s came in with the Magnesian -limestone series : ^chi- 
zodxis, for instance, he looked upon as the forerunner of Trlgonia, 
Though old forms, as Prodnefa, lingered on, no one would draw the 
upper boundary of the Magnesian Limestone exactly where that 
fossil ceased to occur, while on the Continent Palaeozoic types ran on 
into the Trias. If there wore beds in other countries more closely 
allied, on both kinds of evidence, to the Carboniferous, by all means 
put them with the Carboniferous ; but the Magnesian-limestone 
series of Britain could not on any evidence be bracketed with the 
Coal-measures. 

Principal Dawson stated that in Nova Scotia and Prince Edward 
Island there was a gradual passage upward from the Upper Coal- 
formation to the Permian or Permo-Carboniferoue, but that there 
seemed to be discordance between the latter and the Trias, though 
the two formations resembled each other in mineral character. 

The Author disclaimed any idea of slighting the work or memory 
of Murchison. He did not regard the question as merely one of 
terms. Prof. Hull had admitted that Murchison’s chissitication was 
indefensible. He insisted that geographical names are not the best 
for geological systems. He admitted that the Permian was an upward 
extension of the Carboniferous. He could not agree that subterra- 
nean erosion would account for the sections described. The facts 
brought forward indicated a considerable interval in time between 
the Dyas and Trias. 
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30. The Bocks of Gijernset. By Kev. E. Hill, M.A., F.G.S., 
Fellow and Tutor of St. John’s College, Cambridge. With 
an Appendix on the Bocks referred to^ hy Prof. T. G. Bonne y, 
D.Sc., F.R.S., Pres.G.S. (Bead April 2, *1884.) 

[Plate XX.] 
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1. Intbodttction. 

At the opening of this pai)er I desire to acknowledge my groat 
obligations to Professor Bonney for his assistance throughout my 
investigations. 1 must also thank J. B. Cousins, Esq., of St. John’s 
College, Cambridge, for valuable hclj). 

Little has hithert/O been written on the geology of Guernsey which 
would be of mucli use to a visitor. Macculloch contributed a brief 
account to one of the earliest publications of this Society. Ansted’s 
book on the Channel Islands (contains some remarks on its general 
features. There are two pap(5rs by Professor Liveing, with which 
in many respcicts I c.'iunot agree, in the Cambr. I’hil. 8oc. Proc. 
vols. iii. and iv., and one by Mr. J. A. Birds in the Geol. Mag. for 
1878, which contains some accurate observations. A few ijiteresting 
but sliort pa 2 )ers on luised beaches and the like comjdete the litera- 
ture of the subject. How' scanty is the information furnished thereby 
may bo imagined from the fact that not one of these publications 
contains a geological ma^) ; and tlui sketch map (PI. XX.) which 
accompanies this i)a 2 )er is, so far as 1 know, the first which has ever 
been published. 

Any map shows clearly enough the triangular shape of Guemsoy, 
and with a glance at the scale of miles its dimensions can be easily 
estimated. But most maps do not even attempt to indicate the 
remarkable physical difi'erence between the northern and southern 
parts. A spectator on the deck of a steamer approaching St. Peter’s 
Port sees on the; right a long low coast rising into a series of hum- 
mocks (each bearing the local name of Hougue), the highest crowned 
by an obelisk, the monument to Admiral Saumarez. On the left he 
sees a range of noble cliffs, with the Doyle column at one extremity 
and the ramparts of Fort Geoige at the other ; while in the centre 
of the picture the elitfs fall back into an amphitheatre lined by the 
quaint and striking town. Could the spectator hover above as a 
bird, or survey the island from a balloon, he would see that those 
cliffs are the edge of a table-land, whoso northern face is a scarp 
which sweeps across from east to west. He would see the table- 
land a cultivated plateau, cut by a few deep valleys mostly running 
north-west. The low ground beyond the scarp he would see to be an 
alluvial centre surrounded along the coast by a horse-shoe ring of 
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hummocks, which are pitted with quarries numerous almost beyond 
counting. 

This restriction of quarries to the hummocks of the north is alone 
sufficient to prove a difPerence between them and the southern pla- 
teau. Should our aeronaut descend to the collection of specimens, 
he will obtain from the south scarcely anything but varieties of 
gneiss. The north, however, will furnish him with a curious medley 
of rocks : some seem to be syenites and diorites ; some resemble 
gabbro in structure, but contain hornblende as their principal con- 
stituent ; no small number arc granites ; some few may be taken 
for altered rocks. Into this chaos I have been endeavouring to 
introduce some order, with less success than I desired, but not dto- 
gethcr in vain. Previous writers have solved the difficulty by calling 
aU of them metamorphic. They have not always, however, added 
o\idcncc to assertion. I have tried in this paper to furnish materials 
as well as opinions. 

2. The Gneiss. 

The gneiss occupies all the island south of a line from Castle 
Cornet to Yazon Bay. Outcrops arc seen beyond this line on La 
llamee Hoad and (>obo Hoad ; but as the centre of the island shows 
for the most part no rock above the soil, the boundary cannot be 
exactly traced. It forms, as described above, a tjiblo-lanf] with cliff s 
on the south and east, and a well-marked slope on the north, but 
on the west it occupies low flats extending along the shores of Yazon, 
PcOTclle, and Hoequaine Bays. And on the north too, judging from 
the outcrops above mentioned, it must extend some way into the 
central plain. Over the ])lateau it is shown in many road-cuttings 
and small (quarries, but in these is generally very rotten and seldom 
can bo studied well or at all. Our main dc])endence is on the mag- 
nificejit sea-cliffs of the south coast. Even these for the most part 
plunge directly into the sea, and though their base can bo reached 
in a few coves, and by occasional paths of more or less difficulty, it 
is rarely possible to examine more than a very few yards of their 
face. 

Seen in those sections, the rock usually consists of quartz, felspar, 
and mica — usually white, rarely black — in widely varying propor- 
tions. Almost everywhere along the coast the quartz and felspar 
are aggregated into irregular masses two or oven throe inches tt>ng. 
There is a rude but generally well-marked structure which perhaps 
we may call a foliation, due to a i)aralleli8in of the longer axes 
of these masses. In some places there appear to be thin intercalated 
beds (usually consisting largely of mica), coinciding in direction 
with this foliation ; and whenever the bedding can be made out 
with certainty, this is certainly its direction. But there is not 
often such marked difference in materials that the direction of 
the strata can be readily identified. There can, however, be no 
doubt of the metamorphic character of the rock as a whole ; its 
irregularly aggregated constituents are entirely unlike the crystals 
of a granite. The coarsest varieties are found along the southern 
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cliflfe, from Moulin Huet to Torteval; along the east coast it is 
somewhat less coarse, occasionally containing granitoid beds, of 
finer material and often hard to distinguish from dykes ; but even 
at its edge, round Castle Cornet, the aggregates are half an inch 
long. On the west coast also it maintains a similar character 
up to its boundary. But this coarseness is not universal. Along 
Perrclle Bay occurs a rock of very different character. It is bluish 
within, weathering white, and consisting of crystals which are seldom 
longer than one eighth of an inch. Its constituents are felspar and 
hornblende, rather weU crystallized ; it contains many dark oval 
nodes a foot or more in length * ; and it has the massive appearance 
and jointing of an igneous rock. That it is not igneous is, however, 
shown both by a well-marked structure which it possesses, and by 
its gradual cliange as we trace it along the shores of Leree Bay and 
the isthmus of Chapelle Bomhuc into the porphyritic gneiss of Leree. 

A rock almost undistinguishablc from this occurs also in a quarry 
near the brickfield at the cast end of Lcs Talbots Hoad. In another 
(juarr}", some three hundred yards to the south of this, the rock is as 
fine-grained as an ordinary sandstone — a dark micaceous rock with 
well-marked banding and little cleavage. This variety I have not 
discovered elsewhere. 

One locality deserves especial notice. This is the little peninsula 
in llocquaine Bay, on which stands a fort called on Grigg’s map 
Boc(juaine Castle, but on the Admiralty Chart, Fort Grey. Here, 
interstratified with the ordinary gneiss of the locality, are several 
beds of what seems to ho slate, and slate by no means highly metamor- 
])hoscd. This rock attracted the attention of the earliest observer, 
Macculloch, and is certainly that mentioned by Anstedas “ a patch of 
clay-slate in Hoequaine Bay.” It is difficult to believe that these beds 
have experienced the same agencies of alteration as the coarse crystal- 
line gneiss of Moulin Iluct and Petit Bot. They are obviously true 
intercalations; they cannot possibly be nippod-up pieces of an overlying 
formation. I doubted at one time whether the rock in which they 
occur was the normal rock of the neighbourhood ; but subsequent 
examination seemed to render this certain. It is, however, variable in 
nature, and some which outwardly seems normal gneiss, within proves 
to be a similar slaty rock containing patches or pockets of coarser 
materials, and nodules | or | inch in long diameter of clear granular 
quaftz. The finer beds are much crushed and nipped up ; but the 
general strike and dip of all is N. — S. and vertical, agreeing in these 
with the other indications of the region. 

What then is the history of those rocks, so exceptional in cha- 
racter ? They cannot be, as at one time I conjectured, later beds, a 
sort of arkose of gneiss ; for they seem to occur in conformable 
succession. It has been suggested to me that they may be dykes ; 
and, slaty though they look, there are in (ruernsey dykes as slaty. 

* These nodes in a non-igneous rock are curious. Are they of material 
originally peculiar, or are they the result of some fragment of matter wliich 
has produced chemical change in the rock around it ? Some similar phenomena 
in the upper gneiss of Sark rather suggest the former interpretation. 
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The finer and more contorted seams have so sharp a line of boundary 
that the suggestion may possibly be true so far as they arc concerned. 
But others, those with the coarser pockets, pass so insensibly into the 
gneiss that I cannot accept this explanation for them. I believe 
these to be contemporary with the gneiss which surrounds them, and 
sedimentary like it. If so they have been subjected during the same 
ages to the same agencies of metamorphism. And if so, we have a 
strong argument in support of the opinion that the peculiar character 
of the coarser gneisses is due, not so much to the metamorphosing 
agencies they have experienced as to the peculiarity of their original 
constituents. It is rather strange, however, that I have not been 
able to find similar beds at any other point of their line of strike. 

It is difficult to investigate the neighbourhood completely. The 
tide-swept Sound of Liliou, the storm-beaten precipices of Pleinmont, 
do not lend themselves readily to examination. I have not yet 
been able to establish any order of superposition for the beds of the 
Guernsey gneiss. I hope to resume the investigation in a future 
visit, or perhaps some resident will attack the problem. 

8. The Djobttes ahd Hyenites. 

The gneiss occupies, as we have seen, one half the length and 
fully thre(; fourths of the area of Guernsey. The rocks I ])roceed to 
describe are found over ihe greater part of the remainder. 

They have been described as metamorphic ; I believe them to be 
igneous, upon the following grounds : — First, though largely (juarried 
over all the area in all sorts of places, not one (juarry of all the 
scores I have entered shows any clear bedded structure. One or two 
show a faint streaking of colour, neither conspicuous nor extensive. 
They disclose universally broad and deep masses of uniform rock 
varied only by an occasional dyke. There are no proofs of sedi- 
mentary origin. Secondly, these rocks are exposed in many outcrops 
on the shore. If any difi'eronce of texture existed, it would be 
certain to manifest itself on the coast. I have examined nearly 
every outcrop and many of them minutely. There generally is no 
indication of dip, no sign of stratification. When occasionally there 
is some appearance of banding, it is usually contradicted a few 
yards off by similar but entirely inconsistent phenomena. "Two 
marked exceptions to this statement will be discussed a little further 
on. Thirdly, the distribution of the different varieties of the group 
bears no resemblance to a succession in members of a stratified 
series. If such a series were rendered crystalline by metamorphosis, 
though in any one quarry the material might be un distinguishable 
from an igneous rock, yet traced over a large area the differences in 
the original strata ought to disclose themselves as different varieties 
occupying bands of country or succeeding each other in some 
assignable order. I can detect nothing like this. There are several 
kinds of these syenites and diorites, but most irregularly arranged. 
Hocks very similar occur at widely distant points, as for instance at 



408 


BEV. B. HILL ON THE BOCKS OP OTTERNSET. 


the quarry by St. John’s Church, the quarries on Les Genats Boad, 
and parts of the shore east of Fort Lo Marchant. Again, at the 
same point, we may find the rock varying in a manner seemingly 
capricious, as may be seen a few yards south of Fort Doyle. 
Fourthly, there is the evidence of the contact between these rocks 
and the gneiss. On the west coast, though they are found extremely 
near it, about Cobo, yet I have seen no actual junction. JS'either is 
it likely that any be found in the centre of the island. But on 
the eastern side, though the harbour of St. Peter’s Port occupies the 
general position of the junction, still in the rocks exposed at low 
tide on the north side of Castle Cornet breakwater, I believe an 
actual junction can be scon*. Even here to trace it is no easy 
task. The rocks are masked by quantities of sea-weed and shell-fish, 
intersected by a network of small infiltration veins, and torn by 
intrusive dykes in extraordinary variety and abundance. The 
gneiss, however, is tolerably easy to distinguish from the rest, and I 
certainly believe that the same rock that is found along the shore 
north of the harbour does occur here also, cutting sharply across the 
foliation of the gneiss and running into it with an irregular boundary, 
which can only belong to an igneous rock. 

Lastly, Professor Bouncy, from his independent microscopic 
examination, describes the whole of this series as igneous. 

This mass of (ividence is conclusive. Yet I long thought that 
Ansted might bo right about the mctamorphic character of these 
rocks. For though neither he nor any one else mentions any place 
where the bedding could be seen, 1 have myself discovered three 
spots where there are strong appoaraiices of stratification and dip. 
These are all on the east shore of the north extremity of the island, 
and within a space of about half a mile. The southernmost, in some 
rocks nenr Pt. Norman Battery, consists of a lamination or banded 
structure dipping about (50° N.E. by N. There is a laminated slaty 
band and a sort of cleavage in the blue dioritic rock in which the 
slaty band occurs. The appearances here are not very striking, and 
are probably due to a dyke (the slaty band) and a platy jointing 
])arallol to its walls. The next instance is a quarter of a mile 
further north, in a sort of bluff a few hundred yards south of Fort 
Doyle (fig. 1 ). Here a set of four or five deep grooves weathered in 
the rock belong to a series of parallel planes which dip at about 
20° towards the west. These grooves correspond to some difference 
of structure, and there is a slight banding which appears to correspond 
to them in a quarry a few yards oft. Very little difference is visible 
in un weathered fragments of the rock. They seem to me to resemble 
the banded structure developed by’’ pressure in certain igneous rocks 
(as in gabbro at the Lizard, described in Quart. Joum. Geol. Soc. 
xxxiii. p. 903) rather than any truly stratified beds. 

The last, and by far the most striking of these appearances, cuts 
right across the craggy headland on which stands the small fort called 
Fort Doyle. It consists of a well-marked set of slaty beds about 8 

* These rocks are now being blasted away to improve the entrance to the 
harbour. 
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1 . — Grooved Weathering in Dioriiic Eoch, a Qmrter of a Mile 
south of Fort Doyle. 



or 10 feet thick, in the midst of coarsely crj^stalline rock, dipjan^j; 
about 50^ or 00° to the N.E., visible on both sides of the headland 
and running into the sea. I thought at first that they passed con- 
tinuously both above and below into the neighbouring crystalline 
rock, and that if they were sedimentary, so must it be also. But 
doubts ex])resscd by Professor Bonney after examining slides from 
the rocks led me to make a more minute insj)ection than before. 1 
had already noticed that the banded appearances were narrower and 
less conspicuous on the western side of the point. Trivostigating 
this, it appeared that some striping existed in the crystalline rock 
itself. 1 then saw that in places weathering developed this striping 
till it bore a close resemblance to bedded structure. Finally I was 
able, though with much difficulty, to trace an acjtual line of division 
between the slaty beds and the surrounding crystalline mass. 

With hesitation, then, I venture to suggest ibe following explana- 
tion for this place. The igneous rock has caught up or surrounded 
a large slab of slaty beds, and structures have been set up in the 
igneous mass parallel to the surface of the slate. Those structures 
weather into mock bedding, and cause the a])pearance of a continuous 
passage from normal igneous into normal stratified rock. It is not 
easy to be certain about the exact nature of these structures. They 
may perhaj)s be surfaces of crushing, where the rock has yielded 
along certain planes, such as Prof. Bonney has described in the 
‘ Geological Magazine,' 1 88J1, p. 430. Several yards to the south of 
the slaty beds is a thin streak not an inch wide, extending for many 
feet, which can scarcely be anything else (a section cut from it is 
described by Prof. Bonney). It seems to follow a joint, and has a 
horny texture, which runs in wavy lines through the crystalline 
syenite-like rock. Other similar streaks I have noticed along the 
northern shore. 

It is obvious from the shattered condition of the rocks of this 
island that they have been subjected to enormous pressures. Where 
a rock under such pressures gives way along a plane, and one surface 
slides over the other, the powder which the rock will bo ground 
into would probably resemble sedimentary material. Heat would 
be developed ; would this not assist in recementing it ? 
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If the explanations of these appearances here given can be 
established they remove the only objection to the igneous origin of 
these rocks. Some bedded structures at two localities on Bellegreve 
Bay belong to the group described in the following section. In a 
paper in the Cambr. Phil. Soc. Proc. (vol. iii. p. 76) these rocks are 
said to be visible underlying the gneiss below Fort George. How- 
ever, an inspection of the whole shore, hasty but under favourable 
circumstances, showed no such appearance, and as above mentioned 
the rook seems to join the gneiss intrusively at Castle Cornet. 
When all these considerations are taken into account, I think that 
most observers will agree to abandon the metamorphic theory of 
these syenites and diorites. 

In the group are included rocks of ver)^ various aspects, and 
perhaps of different ages*. The most prevalent is perhaps a compact 
bluish rock as fine in grain as an ordinary sandstone. This is the 
variety at the junction with the gneiss : it is (luarried in the town 
and by 8t. John’s Church to some extent, and very largely north of 
St. Sampson’s as well as in the neighbourhood of Coho Bay. This 
furnishes the best kerbstones and “sets” for street-paving. A 
coarser rock of greyer colour with well-marked crystals of horn- 
blende and felspar is also abundant. Occasionally it contains a good 
amount of black mica and sometimes a little quartz, so that some 
specimens approach rather closely to granite. The felspar when 
coarsely crystallized often shows plagioclase striping. A very 
beautiful rock, of well-shaped black hornblende and white felspar 
crystals about -1 inch long, is quarried west of St. Sampson’s near the 
“Saltpans” and near Vale. ThoBaubigny quarry also yields a rock 
resembling these, but with so much quartz that it must bo ranked 
as a granite. Different varieties may, as I have said, occasionally 
be seen very close to each other. The rocks of Fort Doyle belong 
to the second variety above mentioned, and are mixed with rock 
belonging to the first. In the mass they look quite distinct, but it 
is difficult to find any decided separation. 

West of Vale Church a true syenite occurs. To its east and north 
the rock quarried contains much mica. 1 have made no attempt to 
work out the limits of this variety, but 1 am much inclined to think 
it really a separate mass. A black hornblendic rock on the coast 
about half a mile south of Fort Doyle decomposes and exfoliates 
spheroidally. At one time 1 thought this a dyke, but no clear line 
of separation from the normal rock seemed to exist. 

4. The Hoknblende-Gabbko. 

The curious rocks included in this section occupy an oval area 
extending from the outskirts of St. Peter’s Port to Yale Castle beyond 
St. Sampson’s, and from the shore to the hummock called Hougue des 
Quartiers. The quarry called Bouet is their southernmost extension, 
while they occupy the sea- shore from Hougue a la Perre Battery 
nearly to Bordeaux Harbour. Their boundary inland includes 
Delaney HiU, on which stands the Saumarez monument. They 
have hardly been noticed by previous writers ; but the quarrymen 
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have recognized their distinctness from the rocks of the previous 
section. Those they lump together as granite, distinguishing these 
by the odd name of “ -Birdseye.” 

These rocks are characterized by the predominance of hornblende. 
Sometimes the quantity is so great that hardly anything else can be 
seen. Sometimes it is segregated into large radiating prisms as 
much as an inch in length with interspaced felspar between. (This 
is in patches, called by the workmen “Sunburned,” and appears to 
be connected with veins, or possibly with dykes.) More often it has 
formed itself* into huge skeleton crystals crowded with felspar in- 
clusions, but showing their unity by the lustre of their cleavage- 
faces. These reach an enormous size, one face sometimes occupying 
two square inches of a specimen. The felspar is generally in 
irregular grains, similar to saussurite, while in the diorites and 
syenites it is often in well-shaped crystals. At Mont Crevelt it has 
a pale greenish tint. Although the normal rock is so distinct from 
the diorites, yet it is by no means always easy to say whether an 
outcrop belongs to one group or another. 

The north and south limits on the shore are well marked, the 
transition being very abrupt. At Hougue a la Perre Battery the 
hornblende aggregates give the boulders smoothed by the sea 
a peculiar spotted appearance, which is very striking and quite 
different from the uniform surface on the other outcrop a few yards 
to the south. This spotted appearance is seen at some other points, 
but nowhere more strikingly than here. 

These rocks, like those of tlie previous section, present several 
varieties, which may possibly be of several ages. The very large 
skeleton hornblende crystals .are seen .at Hougue a la Perre, the quarry 
on the Grande Maison Hoad, and that on Baubigny Hill ; the rock 
of the Bouet and of the Delaney Hill quarry has its hornblende in 
smaller crystals irregularly felted together, with a small proportion 
of felspar ; the rock north of St. Sampson s Harbour has more felspar 
still, and does not veiy closely resemble the above, though it differs 
widely from the diorites which arc close to it. All the rocks of 
Guernsey are cut by dykes, but these far beyond the rest, and as 
many of these dykes are hornblendic it occasionally becomes difficult 
to say what is normal rock, and wh.at mere local intrusion. Thus 
a singular black rock on the north shore of Bellegrcve Bay, with a 
strong jointing that approaches a cleavage, may ])ossibly be a form 
of the intrusive rock which the quarrymen designate “ Long grain.” 
I believe, however, it is only a form of the normal “ Birdseye.” So 
again on the shore by Mont Crevelt, where the south pier of St. 
Sampson’s Harbour runs out into the sea, there are appearances 
which may be due to a fault-breccia, but may also be due to a 
shattering by intrusions. I feel sure that among these numerous 
intrusive dykes many belong to the group of the previous section, 
BO that these rocks must be older, although their position as an oval 
mass in the midst of those others would rather suggest a posterior 
date. 

The question whether these rocks are metamorphic or igneous 
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cOpniLot be settled so decisively as for the diorites and syenites. The 
junction with the surrounding rocks affords evidence only in support 
of the igneous nature of those. As in the case of the last group, 
the quarries and the rocks of the shore do not in general show 
satisfactory signs of bedding. So too the distribution of the varieties 
over their area does not suggest a derivation from varying series of 
sedimentary beds. But they do in more than one place present 
appearances that very closely resemble remnants of stratification. 
On the shore at Hougue k la Perre, in the spotted rock described 
above, well-marked alternate layers of whiter and darker rock slope 
gently to the south-west. At the north end of Bellegreve Bay exactly 
similar appearances in the same peculiar variety of rock dip similarly 
in the same direction. In the quarry on the south side of Delaney 
Hill a similar banding may be noticed, but seems to dip steeply to 
the north. It cannot be examined, as the quarry floor is occupied by 
water*. However, I do not feel satisfied that any of these bands 
really represent beds. They are absent from the group in general, 
and even from other parts of the outcrops in which they occur. The 
rock does not at all resemble a metamorphic rock. Professor Bonney 
concludes from the microscopic examination that this group also is 
igneous. Though ilieir boundary affords no evidence, there are rocks 
intrusive into the gneiss at Bon Itepos Bay which consist mainly of 
hornblende and bear some resemblance to some of this group. J 
have caused analyses to be made of the lion llepos rock and of a 
specimen of hornblendc-gabbro from Hougaic a la l^crre. I’he 
results show considerable resemblance. 



Hougue a 

Bon Bepos 


la PeiTO. 

Bay. 

Silica 

45*82 

45-28 

Alumina 

I40(i 


Ferric oxide 

24*52 

22*2.5 

Lime 

4*52 

5*58 

Magnesia 

4*31 

3-(K) 

Loss by ignition 

*97 

1*00 


94*20 

97*61 


5, The Granites. 

Granitic dykes occur at many points along the coast. These, 
however, will be mentioned in the next section. Here our eoncem 
is with such rocks as occui)y considerable areas, areas that may claim 
recognition on a map. 

Foremost among these comes the granite of Coho. This beautiful 
variety extends along the shore of Cobo Bay, and northward as far 
as the bay called Portinfer, while on the south it forms the whole 
of the peninsula on which stand the Hommet barracks. Its boun- 
dary inland is very irregular, but is seldom more than a quarter of 
a mile back from the shore. It is usuaUy so decomposed that good 
specimens are hard to get. This is no doubt the reason why it is so 
little used for building. A quarry not far from the Cobo Hotel is 

* I have shown, in Catnbr. Phil. Soc. Proc. iv. p. 385, that the bed of stratified 
quartzite said to occur in this quarry is really a dyke. 
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the only place known to me where it is worked. For building-pur- 
poses granite is actually imported from Jersey. This Coho rock is, 
however, very handsome and, if sound, would make a very fine mate- 
rial for the architect. It is pink, coarsely crystalline, with felspar 
crystals ranging from *1 to *4 inch long, and consists of fiesh-coloured 
felspar with much granular qu£^rtz and a sprin klin g of black mica. 

Proof that this is truly igneous might seem needless, yet it has 
been described (Cambr. Phil. Soc. Proc. vol. iii. p. 78) as only an 
altered state of the red gneiss, so evidence must be given. A bank- 
cutting on the Coho Eoad some quarter of a mile from the coast 
shows grey gneiss and granite in almost immediate contact ; and, 
in the latter a caught-up fragment of the former. The granite is, 
however, greatly decomiiosed and so split in places by platy jointing 
that it much resembles gneiss ; only colour and composition marked 
the fragment. If then this evidence be unconvincing, let the doubter 

Fig. 2 . — Gneiss caught ujg in Coho Granite. Shore south of Hommet 

BarracTcSm 



examine the shore south of Hommet barracks (fig. 2). Here among the 
rocks bared by a falling tide, the granite may be seen in actual con- 
tact with the gneiss that occupies the rest of Yazon Jiay. The two 
is perfectly different ; there is no difficulty in distinguishing them. 
The pink forms insulated masses in the grey, runs irregularly into 
it, flows round and includes portions of it, and presents all the 
regular appearances of igneous intrusion. 

The relation of the Cobo granite to the rocks on its east and north 
is less easy to settle. In a quarry at the west end of Les Genats 
Eoad there appears to be a contact between the blue dioritic rock 
which is (juarried, and granite. If so, the granite should be the 
later, as it seems to show a considerable alteration in character along 
the contact, while the blue rock remains un changed. At the northern 
limit in Portinfer Bay it is intersected by a couple of bands of a 
dioritic rock (different from the common blue variety), but I see no 
evidence to show which is the later. In a quarry east of Yale church 
is a dyke of pink granite that resembles the Cobo rock. On the 
whole I have little doubt that the Cobo granite is later than the 
diorites. 

Q.J.a.8. No. 159. 


2e 
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Another important area occupied by granite is that which sur- 
rounds the bay called Lancressc. The sand hills which form Lan- 
cresse common make its inland boundary somewhat uncertain ; but 
the road may probably without much error be taken as marking 
this. On the west the boundary on the shore lies about midway 
between the bays called Jaonneuse and Grand Camp, to the north 
of Mont Cuet : l)ui. I have not noticed any actual contact with the 
rock of Mout Cuei. On the west the boundary can be roughlj^ 
traced across the heath by comparison of outcrops, and on the shore 
about 300 yards south of Fort Le Marchant the contact with the 
neighbouring rock is well seen. This is a blue diorite, weathering 
bluish- white, while the granite weathers into a pinkish white. This 
difference of colouring markedly distinguishes between the rocks. 
There can be no doubt that this granite is also igneous and intrusive 
into the rock which surrounds it. 

This granite bears no resemblance to that pf Coho. It is a grey 
rock with a faint shade of pink that increases with weathering, and 
sometimes becomes the predominant colour. It is well crystallized, 
but tlie crystals are uniformly small, averaging, 1 think, about *05 
inch in length. The constituents are white felspar, quartz slightly 
stained, and black mica to the extent perhaps of one sixth of the 
wliolo. I noticed that there was very little quartz near the eastern 
boundary, and that there was a decided increase in the amount to 
the southward and westward, till it reached an equality with the 
felspar. 

In the hollow of tlie bay between Forts Doyle and Le Marchant 
occurs a pink quartzoso rock which was to me for long a ])erplexity. 
JN^ot much can be seen above high-water mark, ns it is covered by 
the turf, but a good deal is disclosed at lou tide. It consists of 
much stained quartz, some felspar, and a good deal of black mica. 
It has a granulitic look, and a structure, caused by a tendency to a 
parallel arrangement of the constituents, that approaches a foliation. 
This is most noticeable on its eastern boundary. For some time I 
thought this an altered rock, jmobably belonging to the gneisses, 
lint chancing one day to reverse my usual direction of siu'vey along 
t he shore, this rock suddenly reminded me of the granite I had just 
been traversing, the granite of Lancressc. Prof. lionney indepen- 
dently sent the suggestion that this looked like a crushed granite. 
On a later \dsit I found a rock undistinguishable from this a little 
to its west, forming a clear dyke running up into the east side of 
the Fort-Le-Marchant peninsula, while on the west side similar 
dykes pass without break into the main Lancressc mass already 
described. 

An oval area of granite, about half a mile long, lies south-west of 
Vale church, just south of the inmost extension of Grand Havre. 
I have preserved no specimen. Half a mile further to the south-west, 
by the mill on the lino Maingy Itoad, is a small quarry in a rock 
very similar to that of Lancressc. 

A granite entirely different from both that of Cobo and that of 
Lancressc is found on the promontory which forms the west side of 
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Grand Havre, on its east side in some of the quarries on Mont 
Cuet and Grand Camp, in a knoll by the road south of Lancrcsse 
Common, and, I think, in some of the quarries east of V file, it is 
distinguished by the size of its crystals, which are usually about *2 
inch in diameter, by the size and perfect shape of its black 
mica, and by the presence of abundant and well-crystallized horn- 
blende. My specimen from the knoll is rather decomposed, and 
shows less mica than the others, and little quartz. On Mont Cuet 
this is mixed up with a dark finely crystalline micaceous rock in a 
very curious way. The junctions seem scarcely sharp enough for 
intrusions ; the absence of any trace of fissuring seems to exclude 
metamorphism along cracks or joints ; the shape and arrangement of 
the patches show clearly that they are not included fragments or 
breccias. They remind me uiost of nodes or segregations, but T have 
never before seen these of such a size and degree of complication. 
Is it possible that the mass when just solidified or solidifying became 
subjected to stresses M^hich did not actually rupture the rock, but 
only caused crystallization to go on differently in the parts where 
the strains came ? A very similar relation ])etweeii a white granite 
rock and a fine-grained dark mica-syenitc^ occurs in two quarries 
west of Vale church, and is also thought by Prof. Ponney (see 
appendix, p. 422) to be the boundary of a node. Here, however, the 
white granite is thjit which veins the parent dark micacieous rock. 

What would be the nature of the subse(|uent' junctions if a super- 
heated molten rock has forced its way through an igneous mass still 
nearly at the temperature of fusion ? Will not this bo again raised 
to the melting-point, and in parts bo absorbed into the new comer, 
mothers have a rocrystallization along the contacts, and an interpene- 
tration of constituents wdth the other ? I suspect that this may bo 
the cause of some of these phenomena. 

A beautiful white crystalline rock consisting of quartz, felspar, 
mica, and hornblende, forms a large part of the great quarry west 
of the spot called on the mai) Baubigny Mill. I'his rock has a 
curious appearance of cleavage. The rest of the quarry is in a rock 
of the hornblende-gabbro group with huge secondary crystals of 
hornblende. Another rock of granitic affinities occurs at two or 
more spots on the west boundary of the above group, in the neigh- 
bourhood of Hougue INicolle. The rare and imperfect exposures in 
this central part of the island offer little hope that the nature and 
relations of these rocks will ever be fully made out. 

Besides the varieties here mentioned, several quarries afford rocks 
which contain quartz in larger or smaller quantity. Some of these 
may be true granites, while others seem rather quartz-diorites, and 
are probably only varieties of the dioritic group, with an unusual 
amount of silica. Sometimes a granitic material occurs veining an 
ordinary blue diorite, in the same manner as the mica-syenite of 
Vale, as in a quarry by a dark square tower above Lcs Genats Bead. 
Very seldom is a rock actively quarried which contains any large 
amount of quartz. We find rock that may be classed with the 
granites in many abandoned excavations ; but the windmill which 

2p2 
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marks a quarry worth clearing of water is usually a sure token of a 
diorite, syenite, or gabbro. 

6. Ditkeb and Yeins. 

Guernsey furnishes a numerous assortment of minor igneous 
rocks. These vary in size from the smallest strings and threads up 
to the great masses at Bon Eepos Bay and Pleinmont, which last 
covers several acres. They are so numerous that an observer has 
estimated them to occupy three per cent, of the cliff faces round the 
island**^. Their diversity of constitution and character may be 
gathered from the following review. 

Acid RocJcs . — Granite dykes are numerous except along the 
southern cliflfe. Many arc grey or white, and though they contain 
hornblende, are probably offshoots from the Lancresse mass. As an 
instance may be taken one about 8 inches wide close to the bedded 
rock at Fort Doyle. There are many pink or red macro-crystalline 
dykes, extremely straight and uniform, which might be attributed to 
the Cobo mass, but that I fancy I have seen them cutting it. As 
they consist mainly of felspar and quartz they may be considered 
elvans. They are often rather decomposed, and in that state some- 
times bear a good deal of resemblance to sandstones. To this group 
belongs the large dyke in quarry on the south-west of Delaney Hill, 
which, as mentioned in section 4, has been supposed to a bed of 
quartzite. Felstones are rare. In the quarry on the Grande-Maison 
Koad the hornblcnde-gabbro is cut by thin sheets of a crvi)to-crys- 
tallino felspathic rock, which meet and appear to be ofFsho<>ts from a 
yertied dyke of grey granite. Bound Castle Cornet aie several 
intrusions of a beautiful pink felsite, so compact and glassy, and 
with so splinter)’’ a fracture, that perha])s it may be a rhyolite. One 
of these, on the north side of the breakwater near the timber bridge, 
contains very perfect double pyramids of quartz almost a quarter of 
an inch long. There are others of this class on the shore beneath 
Fort George. 

Basic Itochu , — These are by far the most numerous and most 
various. Several types may be distinguished. One very pretty 
rock consists of well- shaped fresh-looking crystals, *1 or *2 inch 
long, of white felspar and hornblende. This occurs at Castle Comet, 
near the boundary of the gneiss, at J'ortinfer, in the extreme out^ 
crop of the Cobo granite, and abundantly at the north promontory 
of Fermain Bay, where a sudden change of strike ])robably indicates 
a dislocation of the gneiss. In this last area the intrusions are 
usually lenticular or irregular in boundary, but are sharply separated 
from the other rock, and cut its bedding or foliation obliquely. I 
think it very probable that the rocks of this group are simply off- 
shoots from the diorites. Another type is grey, fine-grained, with 
grains, rarely exceeding -05 inch, of somewhat greenish felspar. 
This occurs in large extremely regular dykes with straight walls, 
and is frequent over the whole island. A dyke of this kind quarried 

♦ Quoted in Fisher’s ‘ Physics of the Earth’s Crust,’ p. 186. 
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on Les Talbots Eoad was given the name of “ Talvan ” by the manager 
of the Bouet quarry, in conversation with me. To this groui) belong 
some dykes with pink blotches sometimes half an inch across, of 
which the best example occurs at the west point of Perrelle Bay ; 
while I have other specimens from Leroe, Jcrbourg Point, and 
Castle Cornet. The pink blotches appear to bo nodes of felspar 
surrounding a grain of quartz. The group, as a whole, appears to 
have been also originally diorite. The commonest type of rock 
among the dykes is compact crypto-crystalline and highly jointed, 
dark green or grey and slate-like. These dykes cut in sharply 
defined walls across all the principal rock-masses alike. They are 
perhaps diabases. The great intrusions, often 30 feet thick, which 
seam the southern cliffs are a characteristic feature of the scenery. 
The whole cliff of Pleinmont Point is formed by a mass of this kind, 
fully half a mile in length. Another group of large intrusions is 
conspicuous below high-water mark round the peninsula between 
Yazon and Perelle Bays. In the quarry south of Fermain Bay, and 
at other places, dykes occur in which a slaty cleavage has been 
developed. Along the cliffs of the south are various included 
schistose-looking masses which may in some cases be contorted 
bods, but in most cases, I think, arc intrusive, as for instance in 
the cliffs about Torteval. On the shore west of Mont Crevelt a 
vertical band of rock is visible for a hundred yards or more, which 
can scarcely bo distinguished in any way from a slate. But it is 
marked sharply off from the rock which it traverses ; there is not 
the vestige of a transition, or of any bedding corresponding to it ; 
and the boundaries arc sinii .as, so that the breadth varies irregularly. 
I am confident that this also is a dyke. 

Dykes decomposed into an earthy state occur at Hougue a la Perre 
and Horamet Bennost. 

Certain black stripes which traverse the ‘ Birdseye ’ (gabbro) at 
Hougue a la Perre and elsewhere are also no doubt intrusions. At 
the east entrance of the Delaney quarry can be seen an excellent 
instance. As it- sends out strings and has a compact selvage, no one 
will question that it is an intruder. The microscope shows that it 
is hornblcndic. 

A singular type of rock is afforded by the great intrusion at Bon 
Bepos ]3ay. This covers the whole floor of the bay, and extends 
half way up the cliff and apparently across CorbitTC I^oint. It 
consists of a closely felted mass of hornblende ciy^stals, about ^ inch 
long, often with no other visible essential constituent, though in parts 
there is some white felspar. 1. could not actually reach a junction, 
but have no doubt of its being intrusive in the gneiss, and I found 
a piece of what seemed to be gneiss imbedded in it. Ho doubt to be 
grouped with this, is a dyke at Lereo, near high-water mark just 
north of the lahou causeway, a mass of hornblende crystals of 
remarkably perfect external form. A rock occurring in the quarries 
of “Birdseye” and called by the workmen there “Long-grain” appears 
to bo another variety. It has a platy cleavage which no doubt gives 
rise to the name. From the men’s description I think it must occur 
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88 dykes ; but an analogous rock on the north shore of BeUegreve 
Bay seemed to pass into the Birdseye.’* 

I have noticed no olivine and no unalterered augite in any rock 
of Guernsey. 

Mico/^Trap . — Two examples of this group have been discovered. 
One is a narrow dyke cutting the rocks on the shore at high-water 
mark, some way south of Bee du Noz, not far from the Doyle Column. 
Some strings of earthy matter in the cliffs near may belong to this, 
but are too decomposed to be certain about. The other, six or eight 
feet broad, crops out on the shore at Moulin Huet. Both are de- 
scribed by Prof. Bonney in the appendix fp. 426). As this group of 
rocks is rather rare, I may add that a dyke belonging to it runs up 
the cliff at the north-east corner of Port du Moulin in Sark ; a very 
narrow and rotten one cuts a cliff on the east of J ethou ; and large 
micaceous blocks, evidently fallen from the cliff, lie under the arch of 
the Creux dc Vis in Jersey. These are all I know of. The rock 
decomposes deeply, so that it is easily overlooked. 

Veins . — I would restrict this name to fissures filled with matter 
by segregration, sublimation, decomposition, or infiltration. I 
would withdraw it from all molten intrusions even of granite. 
Guernsey affords a fine field for study of the distinctions between 
these two classes. Can any infallible criterion of difference be laid 
down? The quartz in a vein is often milky, and almost always 
has some peciiliarity of aspect ; it is, T fancy, the best indication. 
A radiation of crystals from the bounding walls, a medial line 
of union between oi)posite growths to a common centre, are 
conclusive when they occur, which is seldom. Great and irregular 
variatio]! in the size of component ciy^stals is also mor^S likely to 
happen in these cases than in the cooling of a molten magma. 
This last feature is well seen in a vein in the point next south of 
Port Doyle (b}^ the wcathcred-out bands mentioned before). This 
vein is about a foot thick, and contains quartz, large plates of 
mica, and masses of orthoclaso felspar as much as two or three 
inches in length. An extremely large quartz vein cuts across 
the Jerbourg peninsula nearly under the Doyle Column. There 
are many others of inferior size, especially in the gneiss ; and there 
are many networks of materials differing from the rocks they inter- 
sect, on whose origin it is difficult to be certain. 

Direction of the Dylces . — I made some notes of the general lie of 
the great greenstone masses which stripe the cliffs from Jerbourg to 
Pleinmont. They seem to run in certain prevalent general direc- 
tions. About Moulin Huct and Saints’ Bay they usually strike N. 
and dip from 30*^ to 60° E. ; thence onwards to the Gouffre they strike 
W.JN^.W. or W., and dip from 45° to 60° N.N.E. or N. ; however, a 
very large one at Moyc Point strikes N'.E. and dips 70° W.W. ; thence 
to the Creux Mahie the strike is W. and the dip N., and under 
Mont Herault the strike is N.W. and the dip about 45° N.E. There 
are, of course, exceptions, but even the exceptions sometimes bear 
evident relations to the rule. I made these observations in hope of 
finding some clue to the folding or rolling of the strata. There 
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seems to be some tendency to a dip at right angles to the folds ; but the 
most marked feature is the general northerly and, therefore, inland 
dip. Possibly the character of the coast may have some connexion 
with this. 

7. General Remarks. 

Although I have no doubt as to the Archman character of the 
Guernsey gneiss, yet absolute proof is wanting at present, and may 
perhaps never be obtained. It is possible that when Jersey shall have 
been satisfactorily worked out, some evidence may be forthcoming. 
There is a mass of diorite there on the shore at Greve d’Azette, east 
of St. Heliers, which closely resembles the dioritic intrusions into 
the gneiss at Fermain Ray. Again, the great crystalline masses 
which form three out of the four comers of Jersey remind me much 
of the Cobo granite. No gneiss, however, is known in any Channel 
Island except Guernsey and Sark^. 

The relative ages of the rock-masses are fairly clear. The gneiss 
is no doubt the oldest. The ‘ ‘ Birdseye ” (hornblende-gabbro) is almost 
certainly next ; indeed, unless we can identify the Ron Repos rock 
with it, wo have no ocular evidence that it is later than the gneiss. 
The diorites certainly cut the gneiss, and almost certainly cut the 
“ Birdseye ’’ also. The granites are the latest of the more important 
groups ; but I do not know their relations to each other. To arrange 
the dykes in chronological order would require much more time and 
attention than I have been able to give. Intersections are frequent 
enough, so that the materials exist ; thus on the shore by Houguo a 
la Perre battery the Birdseye ’’ is cut by thin white dioritic dykes, 
while a broader black hornbleiidic band cuts right across them both. I 
fancy that the coarsest dioritic dykes are earliest, and contemporary 
with the diorite group ; the less coarse greenstones next ; the 
granitic dykes later still ; and the compactest greenstones posterior 
to all. The mica-traps are, no doubt, late ; their age may be the 
same as those known to exist on the mainland. The pink fclsites 
of Castle Cornet resemble certain rocks of Jersey, and are probably 
also among the later intrusions. 

The area occupied in north Guernsey exclusively by igneous rocks 
is, as may be seen from what has been said, very large, not loss than 
six square miles; and whenever the outlying reefs are properly 
examined it will probably bo found much larger. 

Perhaps the most interesting feature of these rocks is the extent 
to which a structure tending towards that of schist has been 
developed in them by subsequent action. There can be little doubt 
that the agent has been i)ros8ure. Pressure, we know, can produce 
such effects, and the rolling and faulting of the gneiss show that 
pressure has been at work. Granite has bad a gneissose aspect im- 
parted to it ; diorite has had slaty bands devolo 2 )od in it ; greenstone 
dykes have been reduced to the coudition of schist or slate. The like 
may therefore have happened in other localities. Two miles to the east 

* Prof. Liveing has published geological sketch maps of Sark and Jersey in 
Oambr. Phil. Soc, Proc. 70I. iv,, and the account of Sark there is g^od. 



420 


PBOF. T. Gt, BONiraT ON THE MIOEOSOOPIO STKTrCTTJBE 


lie the islands of Herm and Jethou. The rook of Henn has always 
been considered white granite. That of Jethou has a marked 
Btructure in vertical planes, but otherwise closely resembles this. 
These vertical planes ran north and south, and therefore parallel to the 
most frequent strike of the foliation and folding in Guernsey. Shall 
we not here also find a case of a granite in which structure has been 
developed? Writers have talked of gneiss metamorphosed into 
granite. May not the process in some cases have been the very 
reverse, and some gneisses be mere alterations of granite ? Most 
certainly, however, this island of Guernsey must not for the future 
be quoted as affording undoubted instances of syenites metamorphosed 
out of sedimentary rocks. i 

I am fully conscious of the deficiencies of this paper. Additional 
study would have removed some, but would certainly have suggested 
many more problems in their turn demanding solution. I have 
thought it best to publish the results already attained, and not to 
delay indefinitely. Besides, work such as would bo necessary for 
the complete elucidation of the geology of Guernsey can hardly be 
done except by a resident ; and perhaps tliis paper may be the means 
of inducing some resident to take up this most interesting inquiry. 


APPENDIX. 

Notes on the Mickoscopic Structuiie of sonu UocKBfmn Guernsey. 

By Prof. T. G. Bonney, D.8c., E.E.8., Pres. G.S. 

Gneiss. 

In describing the specimens which Mr. Hill has selected and for- 
warded to me for microscopic examination, it will be convenient to 
group them lithologicallj^ rather than geographically. We will 
take first a series illustrating the gneiss, which occupies three fourths 
of the whole area of the island. These slides indicate that this 
region is occupied by a series of coarsely crystalline, rather grani- 
toid gneisses, which have a general lithological resemblance to the 
more typical varieties of the Hebridean group of Scotland. It can- 
not, 1 think, be doubted that we have exposed hero in the Channel 
Islands a fragment of the foundation stones of the earth, of rocks 
roughly corresponding in ago with those that on the continent of 
America have been named Laurentiaii. A lengthy desciiption is 
needless, as so many accounts have now been published of rocks of 
this character ; enough to say of those, as a whole, that while in- 
dubitably not igneous, they do not generally exhibit a very marked 
foliation. Quartz and felspar are always present, and the third 
predominant mineral is usually a brown mica ; the quartz, as seems 
to be commonly the case in these old gneissic rocks, is rather full of 
enclosures, many of which are certainly cavities. These vary much 
in form, some being very irregular, others rounded in outline. 
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Bubbles are not seldom present, but a good many cavities appear to bo 
empty. The felspar is usually somewhat decomposed and occa- 
sionally so much so as to make it difficult to conjecture the species. 
Four specimens contain rather abundantly very characteristic micro- 
cline ; there is always a considerable quantity of a closely twinned 
plagioclase, which generally, so far as one can infer from its extinc- 
tion-angles, appears to be oligoclase ; but it is very probable that 
albite is also present. Orthoclase is no doubt present, but the 
characteristic Carlsbad twinning does not appear to be frequent. 

1 (Fermain Bay ). — Contains a considerable quantity of microcline. 
The third mineral in this specimen is a brown mica, generally in 
aggregates of rather small crj^stals, though now and then larger 
occur, one being about 0*12 inch long. Occasionally a little of this 
is replaced by the pale green mineral which frequently appears as 
an alteration-product of the magnesian micas, but most of it is in 
excellent preservation. The slide contains a considerable number 
of crystals of apatite, generally associated with the mica. Near to 
the largest mica crystal is a group of three (besides some smaller 
ones) cut almost transversely to the principal axis, the largest of 
which is rather more than 0*01 inch in diameter. The rock appears 
to have been a little crushed and recemented. 

2 {Bee du Nez). — Consists chiefly of quartz and felspar (rather 
decomposed), with which jire small films and clusters of a green 
mineral, associated with .! little opacite and ferrite, and a few scales 
of a white mica, giving bright colours with polarized light. This is 
probably a hydrous soda or potash mica, but the green mineral is 
probably a hydrous magnesian mineral replacing biotite. 

42 {Petit Bot Bay). — The felspar is rather decomposed, but a 
closely twinned plagioclase evidently predominates. There are 
aggregated patches of a scaly green mineral of the chlorite group, 
strongly dichroic and probably uniaxial, associated with apatite, 
opacite, and veiy^ little white mica, as in the last. 

13 {Petit Bot ; pink band, possibly a dyke (E. H.)). — Felspar 
rather decomposed, but plagioclase as above, with a little microcline 
and orthoclase recognizable. Home grains of iron peroxide, hoematitc, 
and perhaps a little magnetite ; except one or two very minute scales 
of a brown mica, no other mineral present. The figure in Fouqud 
and Levy (plate vii. 2), granulitc from Grape Creek, Colorado, will 
give an excellent idea of this rock. Many would unhesitatingly 
claim this rock as igneous, in which case it would best be called a 
pegmatite, but I feel doubtful on the point. It may be a vein 
granite, but I should not bo surx)rised if field evidence showed it to 
be a metamorphic rock {yneiss graniditiqiie). The difficulty has 
been enhanced by the rock having been crushed in situ. 

11 {Leree). — Hath cr akin to 42, but the re] placement j)roduct of the 
mica is less abundant and characteristic. One crystal, about 0*07 
inch long, resembling a mica in form, is almost wholly taken up by 
opacite. The rock appears to have been crushed. 

9 {Vazon Bay, /S^ow^/im(?).— Rather poor in quartz, rich in plagio- 
clase, A fair amount of very characteristic hornblende, as well as 
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brown mica, the latter mostly in aggrep^ated small scales. Apatite 
not conspicuous. 

8 ( Yazon Bay^ middle), — Felspar, rather decomposed microcline 
and plagioclase recognizable, a fair amount of aggregated chlorite 
or some similar replacement-product of brown mica, with some scales, 
rather larger than usual, of a hydrous white mica, and a few micro- 
liths of apatite. 

15 ( Castle Cornet ), — A considerable quantity of microcline among 
the felspar, several clusters of altered biotite, with a few scales ‘of 
white mica and some granules of haematite and opacite. 

48 {Bridcjield near Les Talhots Road ). — A gneiss with fairly 
marked foliatioi], cojisisting of quartz, felspar, and a dark brown 
mica. The quartz is rather clear, and occurs generally in rather 
small clotted granules ; the felspar is in part orthoclase, but there 
is a considerable (juantity of closely twinned plagioclase, extinguish- 
ing at small angles with the vibration-planes of the nicol, and pro- 
bably albite or oligoclase. The mica occurs in small plates, generally 
aggregated ; there is some opacite, and a little apatite. 

Granite. 

24, 26 {Around Laueresse Ba/y^ N. W. part of island ). — These 
specimens only differ in that one is rather more coarsely crystalline 
than the other. They consist of quartz, fols])ar, and black mica. 
The (juartz contains a fair number of cavities, in many of whicli 
are small bubbles, often moving, but some are empty : others are 
rather dark, as if stained, and there are occasionally microlithic 
enclosures. Felspar is the most abundant mineral, usually in well- 
defined prismatic crystals, rather decom 2 )osed. riagioclaso pre- 
dominates, frequently in closely twinned crystals, and sometimes with 
external zonal banding. By measurement of the extinction -angles 
I infer that much of it is oligoclase. 1 think, however, that some 
may be albite, and occasionally recognize orthoclase. The mica, not 
very abundant, is rather dark brown, containing evidently a con- 
siderable amount of iron. It is occasionally re 2 )laced by the usual 
green mineral. There is also a very little pyrite, apatite, &c. 
(38) does not materially differ, excejd that it has a little more 
apatite and a crystal of sjdicne. (27) contains much the same 
minerals, though it is rich in quartz ; but it differs in structure, 
having a ground-mass which is almost microcrystalline, in which 
larger crystals of quartz and felspar, rather irregular in outline, 
are thickly scattered ; it is, in fact, an example of the granite 
porphyry of some authors. The cavities in the quartz are smaller, 
and bubbles seem to bo less frequent. (5) A granite of similar type 
to those named above, but seems to be a little crushed ; fluid-cavities 
abundant. (25) Part of the slide exhibits a similar granite, the 
rest a rock consisting of hornblende, felspar, and a little quartz. 
At first sight one would suppose it an intrusive junction; but closer 
examination leads me to think it more probably a node of some 
kind. There appears to be a transition, though very rapid, rather 
than a break between the two rocks. There is no very marked 
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difference between their felspars, and the cavities in the quartzes, as 
far as they can be compared, appear similar. 

28 {Coho), — This rock is a little abnormal in character, but I think 
I am right in classifying it as a granite. The mineral character 
does not materially differ from that above described. The felspar is 
a good deal decomposed, but a plagioclastic species is abundant; 
sometimes one of the latter is enclosed in a larger crystal of 
(?) orthoclase. 

20 {Difhe^ Grande Maison Road Quarry), — This rock consists of 
quartz and felspar intercrystallizod, exhibiting, in parts, a micro- 
graphic structure, with occasional felspar grains rather larger than 
the rest. The outlines of these are irregular, and they appear to 
be frequently surrounded by an area exhibiting the micrographic 
structure. There is also a little brown mica, an iron peroxide, and 
possibly a small (juantity of tourmaline. A considerable number 
of very small cavities ; most of these seem to be empty, but in others 
I detected minute moving bubbles. The rock is a vein granite. 

4 {Between Forts Doyle and Le Marchant), — This rock consists of 
quartz, felspar (orthoclase, jdagioclase?, and a very little microclinc), 
together with a little brown mica and iron-oxide. The rock has 
evidently been much crushed, some of its constituents, both of the 
quartz and of the mica, being of secondary formation. It is a little 
difficult to give the rock a name, as in more than one respect it is 
slightly abnormal ; but perhaps it would bo best to call it a granite*. 

1 0 {Dylee, Castle Cornet), — It consists of quartz, felspar (decom- 
l) 08 ed, but ai)parently in great part orthoclase), and a little of a 
greenish mineral, i^robably replacing a black mica : — a vein-granite. 

21, 22 {Dylce^ Delamry Qimrry ; thin seam,, '^rohahly dyhe,^ 
Grande Maison Hoad Quarry), — These rocks have a general simi- 
larity, but the latter is the coarser and ratlicr more definitely crys- 
talline. The minerals are quartz, felspar, mainly orthoclase and 
microcline, and a very little browm mica and iron -peroxide. The 
rock from Grape Creek, already referred to, gives a fair idea of the 
structure, except that the felspars in the Guernsey rock are rather 
more rectilinear in outline. With some hesitation I refer it to 
vein-granite. 

46 {Castle Cornet), — Is a quartz-felsite. The ground-mass is 
crypto-crystalline, in places imperfectly spherulitic, and in it are 
scattered numerous small scales of a filmy olive-brown mineral, pro- 
bably a mica. Of the first order of consolidation are quartz, rather 
clear, showing crystalline angles, felspar, orthoclase with some plagio- 
claso, and a little brown mica. The rock, though rather more mica- 
ceous than they, reminds me of the oldest quartz-felsites in Britain. 

Hornelendic Hocks (Diorites &c.). 

3 {Near Vale Castle), — This rock consists of a plagioclastic felspar, 
often rather decomposed, with hornblende, a rather fibrous greenish 

* [I have convinced myself that this is a form of the Lancresse granite. — 
E. H.] 
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mineral resembling an alteration-product after biotite, grains of 
iron-oxide, and a fair amount of quartz. The felspar agrees best 
with oligoclase or albitc. The rock has evidently been much 
crushed and recemented, and much of the quartz has the aspect of a 
secondary constituent. It is a quartz-diorite. 

23 {Dyhe^ near Fort Doyle), — In all probability this rock has 
once been a basalt, but the felspar has been replaced by secondary 
microliths of more than one kind, until the original structure is 
practically obliterated ; and the other constituent is a green, ratlicr 
filmy, irregularly crystallized mineral, which is, in part at least, 
hornblende. There are some scattered granules of iron-oxide. 

37 {Between Forts Doyle and Le Marcliant\ and 39 {Jloumets^ near 
Ooho^ I mile east of Coho Bay), — It is a little difficult to say whether 
this rock should be called a quartz-syenite or a quartz-diorite, for 
the felspar is so much altered and replaced by secondary microliths. 
From the small portions which rtjmain unaltered I should infer that 
plagioclase predominated, and class the rock with the latter. There 
is a considerable quantity of hornblende and biotite, both rather 
altered. The quartz, of which there is a moderate amount, contains 
numerous cavities, in which are generally small moving bubbles. 

43 (Portinfer), — Has a general resemblance to the above, but is 
perhaps rather more distinct ; a quartz-diorite. 

30 {Fermain Bay), — Also a (quartz-diorite with mica ; some apatite 
is present, and probably a little sphene. 

14 (Castle Cornet^ at boundary of Gneiss), — A rather coarsely 
crystalline rock, consisting mainly of green hornblende, a very de- 
comjjosed fels])ar, probably plagioclastic, witli some altered biotite. 
There is also a fair quantity of apatite and sphene, with, of course, 
some iron-])eroxide. The rock is a diorite. 

7 (Near Fort Le Marcliant), — The hornblende and felspar are yet 
more highly altered, but the rock is probably a true diorite ; there 
is a fair amount of a white mica, probably hydrous. 

41 (Bon IL'pos Bay), — Consists mainly of well-crystallized horn- 
blende, some brown mica, iron-peroxide, a plagioclastic felspar (not 
abundant), probably oligoclase, and a little apatite. The slide is not 
a very good one for examination; but field-e\udencc, I am told, 
proves it to be a true diorite. 

G (South of Fort Doyle), — Consists mainly of hornblende, with 
probably a little altered biotite and some decomposed felspar. Some, 
at least, of the hornblende has the look of a secondary product. At 
present the rock may be regarded as an abnormal diorite or a horn- 
blendic diabase ; but I should think that very probably it was once 
a gabbro, rich in the pyroxenic constituent. 

35 (Fort Doyle), — A diorite, with a little free quartz and apatite, 
somewhat crushed and decomposed. 

3G (Fort Doyle), — The constituent minerals are quartz, felspar, very 
much decomposed, and a filmy, green, chloritic or micaceous mineral. 
I cannot give the rock a name, for it appears to me that the slide 
has been cut from a specimen which has been exposed to great local 
crushing, and subsequently recemented, (See 35 and 45 E. H.) 
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31 {Quarry west of SL John's Church). — A diorite, the felspar 
decomposed, the hornblende as in 6, looking in some cases like a 
secondary product, a little apatite, ilmenite, and (?) sphene. 

Hornblendic Books (Gabbro-like). 

The group of hornblendic rocks on the eastern side of the island, 
which are enclosed by the last-described dioritic group, agree with 
it in having hornblende as an abundant mineral, but present some 
marked differences. 

17 {Hougue d la Perre). — Has, macroscopically, a considerable 
resemblance to a gabbro ; microscopically, it consists of fairly well-pre- 
served crystals of labrador felspar and hornblende, with some grains of 
iron-peroxide and a pyroxenic mineral presently to bo described. 
The last two appear to have crystallized first. The felspar seems 
then to have commenced consolidation ; for some small crystals of 
it are enveloped in the hornblende, which mineral also appears to 
have adapted itself to the outlines of the larger crystals. Thus 
the larger hornblende crystals are interrupted by small crystal- 
line grains of felspar, as augite not seldom is by olivine ; a few 
flakes of biotite arc also included in the hornblende, which is very 
fresh-looking, strongly dichroic, with a characteristic cleavage. The 
pyroxenic mineral is difficult to identify with certainty ; it is some- 
times traversed by cracks containing a serpentinoiis mineral, and 
the smaller grains are almost wholly replaced by this. The cleav- 
age and general appearance, as well as the optical properties, cor- 
respond fairly well with augite ; so that we may, I think, refer 
it to this mineral. The rock must be classed with the labrador 
diorites, and is evidently closely related to the gabbros. 

32 {North end of Bellegreve Bay), — Is a rock of the same family, 
but consisting only of labrador felspar (rather decomposed) and horn- 
blende, with a fair amount of iron-oxide and a little apatite. The 
hornblende contains a considerable quantity of opacite, often belo- 
nitic, and arranged along the cleavage-planes ; it is sometimes 
rendered quite opaque. 

33 {Mont Crevell). — Is a rock generally similar in character, but 
the felspar is greatly decomposed, and the hornblende looks rather 
altered. 

19 {Delaney Quarry). — Has also a general resemblance, so far as 
the two dominant minerals are concerned, but it contains a con- 
siderable amount of brown mica, and is rather rich in apatite. It 
also exhibits a slightly banded arrangement of its minerals. The 
colourless mineral, interbanded with the mica, occurs exactly like 
the calcite figured by Zirkel (Micr. Petrogr. pi. v. fig. 1, cf. pi. ii. 
4, iii. 3). It shows colours resembling those of a pyroxenic mineral 
with the crossed nicols, and appears to extinguish nearly or quite 
simultaneously with the mica, and with the only plane of cleav- 
age (faintly marked). 

34 {Dylce ? Shore, near Mont Crevelt), — Is a much more minutely 
crystalline rock, containing micro-porphyritic felspar, in a ground- 
mass of felspar and hornblende, greatly altered. I should imagine 
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that this was from a dyke, and that the homhlcnde was a secondary 
formation from augite, so that the rock had once been a basalt. 

18 {Dyhe Junction, Delaney Quarry), — Appears to be a junction 
specimen, a rock somewhat of the latter character cutting one of the 
former, both being a good deal altered. A vein of chalcedonic 
quartz cuts the finer rock. It is very possible that the coarse rock 
was once a gabbro and th() other a basalt. 

44 {Quarry south of Bauhiyny Mill). — This rock is coarsely 
crystalline, and consists of felspar, agreeing best with labradorite, 
hornblende, and a little brown mica, apparently rather altered, a 
little apatite and magnetite (?) ; the hornblende ap|)cars to have 
crystallized later than the felspar, and may ])erhaps have been pro- 
duced by paramorphic or psoudomorphic action from a pyroxenic 
constituent. 

Mica-traj*. 

The two specimens which may be included under this general 
designation come from the south-east of the island, one from 
Moulin Iluct on the soiiih, and the other from Bee du Nez on the 
cast coast. The former (12) has a glassy-looking ground-mass 
of a very pale brown tint, which is thickly studded with crystals 
of brown mica, many of them not exceeding about 0*001 " in dia- 
meter, while others arc as much as 0*0^1", the latter including por- 
tions of the ground-mass, flakes of an almost opaejue iron-mica, and 
microliths of fipatitc (?), together with a considerable amount of a 
mineral presently to be described. The ground-mass shows a 
rather indistinct tra.ch57’tic structure, apparently consisting of a mass 
of elongated felspar microliths. Tlu^ niineral mentioned above is at 
present evidently a secondary product. It is colourless, and occurs in 
prism-like flakes, not unlike one of the white micas which give 
moderately bright colours and have a silvery look with crossing 
nicols. Extinction takes place when the longer edges of the flakes 
are parallel with the vibration-planes of the crossed nicols, and, on 
the whole, 1 think that the mineral is probably talc. It occurs 
partly scattered in the slide, but also aggregated in more or less 
definite crystalline forms, which arc outlined fairly continuously 
by granules of opacite. Within these it has a tufted habit, and is 
associated with a little ferrite. Exact parallels may be found in the 
excellent figures of rocks akin to mica-traps in the well-knowm work 
of Eouijue and Levy, or in Professor Barrois’s recent volume where 
both augite and hornblende are figured as associated with mica, and 
these bear a general resemblance to our mineral. I may, however, 
note that in the former book, plate xxvi. {Porphyrite andesitique 
micacee, &c.) and plate xxvii. {Fot'phyi'esyenitiquemicacee, &c.) there 
is a mineral (replaced by serpentinous products) which in external 
form much resembles the above. The authors, with a little hesitation, 
ascribe it to bastitc. That in the Moulin-Huet rock we have a 
magnesian bisilicate there can be little doubt. I should place it in 
the group for which I proposed the name of kersantite-porphyrite. 

The specimen from Bee du Nez (29) has a more dei^tely crys- 

* IteobercheH sur les Terrains Ancietis des Asturies et de la Galice, pi. 1 & 2. 
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talline structure, consisting of elongated crystals (rather microlithic 
in habit) of oligoclase associated with a very brown mica, and a 
third mineral much altered and almost opaque ; ferrite and opacite 
arc scattered about the slide. This third mineral, more highly 
magnified, appears to consist of a mixture of minerals, chloritic 
and ferruginous. It is not impossibly a replacement of a pyro- 
xenic mineral. Barrois notices the presence of gedrite in korsan- 
tite, a mineral whose chemical composition would be not unlikely 
to give rise to the appearances here described. 

40 {Roequaine Castle), — This rock consists of subangular frag- 
ments (generally less than *01" diameter), among which a clear 
quartz predominates, scattered in a ground-mass, which appears 
to be composed of quartz, felspar, and a green filmy mineral, pos- 
sibly a chlorite, but more probably, I think, a variety of hornblende. 
This, 1 think, has certainly been formed ia slta, and the ground- 
mass generally appears to have undergone some alteration. The 
ro(;k has the aspc(;t of a slightly altered sedimentary rock. 

47 (Roequaine Castle^''’’ poeleei^^ of coarse rode In finer ), — In the 
greater part of the slide it has the appearance of a magnesia-mica 
gneiss (such as have been already described), which has evidently 
been considerably crushed, and here and there becomes quite pul- 
verized, assuming an appearajice which reminds us of No. 40. 

45 (Fort Dofie), — A most perplexing rock : nearly half the slide, 
with a small portion of the exl,erior of the remainder, appears to bo 
a dioritc or a coarse horiiblendic gneiss, j>oor in quartz (consisting 
mainly of a plagioclastic fols])ar and hornblende), indicating consider- 
able crushing in sita ; but between these there is a zone about j inch 
wide presenting a singular resemblance to a schist or schistose rock 
not highly altered, consisting of minutely granular quartzose and 
felspathic materials, associated with filmy scales of a greenish mica- 
ceous mineral, in which are rarely scattered a few rather larger 
grains of quartz or felspar. 

These three specimeus are most perplexing. Taking 40 by itself, 

I came to the conclusion, though not without suspicion, that it was 
probably a slightly altered rock of sedimentary origin. As regards 
47, had I taken it alone, I should have been of opinion that it was 
almost certainly one of the coarser gneisses crushed in situ, 45 looks 
like an interbanding of a minutely constituted not very highly meta- 
morphosed schist in association with a coarse felspar-hornblende 
gneiss, which has been rather crushed. But is this association 
possible? It would be rash to give an absolute denial, with 
our present very limited knowledge of the metamorphic rocks and 
the effects of the agents of metamorphism, and I once collected 
specimens, near the top of the Bernina Pass, in Switzerland^, where 
a coarse gneiss and a rather compact green schist appeared to occur 
in true association ; but in every other case that I have seen where 
finer and coarser foliated rocks are associated, the constituents of 
the finer under the microscope exhibit a more complete crystalliza- 
tion than is seen in the Guernsey specimens, and even in the instance 
at the Bernina (which was rather imperfectly exposed) the green 
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schist differs in some respect from that of Guernsey, so that without 
the very strongest evidence, from field examination, I hesitate to 
admit the possibility of such an association as this Guernsey speci- 
men would require. Wo might have here a sedimentary rock of 
ancient date, which was in part an arkose of granitoid materials ; but 
so far as I have been able to study rocks of this kind, their evidence 
is not favourable to this identification. But examination of rocks 
from the Highlnads, and of some specimens from the Cheviots 
sent to me by Mr. Clough, has shown me that the results of local 
crushing are occasionally so singular, and, if I may use the phrase, 
rocks thus maltreated play such tricks that I incline to hold this 
to be the most probable explanation of these Guernsey specimens*. 

EXPLANATION OF PLATE XX. 

(Oeological Sketch -Map of the Islaud of Guernsey.) 

This map is reduced from Grigg’s (Guerin’s) map. It represents 
the outline at high water. At low tide a large additional area is laid 
bare ; many of the bays are then almost deserted by the sea, and 
Lihou becomes connected with the mainland. Only the most im- 
portant roads are marked, either such as the visitor would naturaUy 
use, or such as are mentioned in the text. The boundaries can only 
bo regarded as approximations to the truth ; in particular, the line 
between the gneiss and the diorites is, in the centre of the island, 
almost entirely conjectural. 


Discussion. 

Mr. Bedman mentioned some facts illustrating the great hardness 
and durability of the Guernsey granite. These facts proved that 
tho Guernsey granite was the most durable of the Channel-Island 
granites, and very much more so than the Aberdeen granites as 
laid down in the West India Dock tramway over forty years back. 

Prof. Seeley imjuired w^hy the author, in his map of Guernsey, had 
grouped the syenites and diorites together ; and what were the fel- 
spars which they contained, or the cii-cumstances which showed their 
relation to each other. He inquired what tho author intended to 
imply when the gneiss in the south of the island was termed nieta- 
morphic, and the granites and other rocks in the north were termed 
igneous. It seemed to the speaker that, under the conditions of 
coiitortion in -which the metamorphic rocks were admitted to be pro- 
duced, it followed that the deeper-seated mass not only became more 

The above notes were written in ignorance, for tlie most part, of the results 
of Mr. Hilfs work in the field. In a few cases 1 have struck out an expi^ession 
of doubt, where it was removcKl by stratigraphical evidence ; but I leave these last 
paragrajfiis as they were written, because I think they aflbrd a fair spociineii of 
the “ guesses after truth ” wliich can be made with a microscope. He was, I 
believe, not quite satisfied at first as to the nature of the rock of which 45 is a 
specimen ; but after a reexamination of the locality, he tells me that he is con- 
vinced that this rock is only a case of peculiar local crushing in the mass, of which 
35 is a more normal specimen. 36 is from a rock which is close by 45. This, 
however, consists mainly of quartz and felspar, and can hardly be a part of the 
same rock. 
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heated, but experienced pressure from more than one direction, 
which would cause the parallelism of the gneissose structure to be 
interfered with by throwing the crystals out of their schistose 
arrangement, so as to form the confused structure of a granitic rock. 
If this were possible, the gneiss and syenite might both be meta- 
morphic. In Guernsey he would suggest that under the strain 
which the rocks had experienced in contortion, and while their 
materials were still in what might conveniently be termed a plastic 
state, the rock materials of the island had been faulted, with a 
downthrow to the south, so that the gneiss had been brought into 
juxtaposition wit.h the sj^cnite. The sli]) need not have been great 
in amount for subsecjuent denudation to have laid bare the rocks in 
the positions which the author bad described. The speaker would 
ask whether the specimen exhibited, which appeared to include a 
junction between stratified and igneous rocks, might not rather be 
due to a minor fracture in a semiplastic rock, and be partly the 
consequence of foliated structure developed j)arailel to the fracture, 
cxnd partly of the nature of a veinstone. He considered that the 
remarkable development of schistose structure in the rocks which 
the aixthor termed igneous, and which, like all schistose structure, 
must he attributed to pressure, was strong evidence in favour of tho 
gneiss and 8}’Gnite being contemporaneous, and favoured his con- 
tention that in Guernsey they had consolidated under tho same 
conditions. 

Mr, ItuTLEY considered that the term ‘‘ Hornblende-gahbro em- 
ployed by the author was a veiy useful petrograpliic.al name. He 
did not think the difference of colour in some of the rocks was of 
much importance, especially .as indicating bedding. He pointed out 
tho interest attaching to the ftdstones of the Channel Islands, and 
remarked that spherulitic fcls tones somewhat simil.ar to those of 
North Wales and the Lake Districts, which arc of Silurian .ago, 
occur in Jersey. He suggested that some of the rocks in the Channel 
Islands might possibly be of the same age. 

Mr. Toj’ley was inclined to regard the parallel structure in tho 
gneissic rocks as bedding, and not foliation ; and tho thickness of the 
strata is enormous. The rock sold as “ granite ” in Guernsey is 
really a syenite. There is no direct evidence that the bods .are Ar- 
chtcan ; but if such he their ago, they may probably he correlated 
with the oldest rocks of Malvern. 

Mr. Teall agreed with the author that parallel structure might 
be developed in igneous rocks by mechanical pressure. Diorite 
dykes in the Ai*dennes might be seen passing into amphibolite schists 
at their margins. Dr. Lehmann, in his recent work, called attention 
to the production not only of foliation, but also of structures simu- 
lative of bedding by the action of mechanical forces. The speaker 
did not think that a persistent dip for a considerable distance in 
regions of crystalline schist could be taken as indicating a regular 
succession of enormous thickness. 

Mr. Mark asked if some of the igneous rocks might not be con- 
temporaneous lava-flows. He remarked on the frequency of the 
Q. J.G.S. No. 159. 2 g 
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inclusion of gneiss-fragments in granite, and suggested that this 
might bo regarded as a crucial test as to the granitic nature of the 
rock. 

Dr. Hicks thought with the last speaker that some of the rocks 
might be lava-flows. lie said that included fragments, such as are 
common in some Scotch granites, were never found in the so-called 
granitoid rocks of Wales. 

The President said that in the hornblendc-gabbros the horn- 
blende might not iTni)rohably bo altered augite. Ilie diorites and 
syenites pass into one another by the most insensible gradations. 

The Author said that his paper was in part devoted to proving 
that the views expressed by Prof. Seeley wero not aj^pli cable to 
these igneous rocks. The felstones of Guernsey were like those of 
Jersey, and it was not/ impossible that it might be practicable to fix 
the age of those rocks. 
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31. Studies on some Japanese Hocks. By Dr. Bundjiho Koto. 
(Bead April 2, 1884.) 

(Communicated by F. Rutley, Esq., F.G.S.) 

The materials for this paper were kiudly sent to me by Mr. T. Wada 
and Mr. Kato, Hector of the Tokio University, and were obtained 
partly from the petrographical collection of the Tokio University 
and partly from that of tlic Geological Survey of Japan. During the 
last few years those districts, in which our rock-specimens were 
collected, have been examined by O. Kuntze, E. Naumanii, J. J. Bein, 
and other European geologists, but as yet no full descriptions of 
their researclies liave been published. Many specimens belonging 
to the Geologic^il Survey were collected in the provinces Izii and 
Kai by Wada, and those from Kojuke during a two months’ journey 
by myself. The rock-specimens belong mostly to grey porphyritic 
pyroxene-andesites, basalts, diabases, granites, dioritos, and por- 
pby rites. 

The microscopic investigations have been prosecuted in the 
Mineralogical Instiiulo of Leipzig under the direction of Gehcimcrath 
Prof. E. Zirkel, and the chemical analyses were made in the Labo- 
ratory of Agricultural (/heinistry under Prof. W. Knop, to both of 
wtiom I here take the opportunity of expressing my hearty thanks. 

Pyiioxene-andesitks. 

The andesitic rocks were for the most part collected in the 
neiglibourliood of Tokio and in the province of Izu, the latter a 
mountainous volcanic district in which the well-known Atami geyser 
and many other mineral springs of less note are situated. Most of 
the specimens belong to the coarse porphyritic type. They are grey 
or dark-brown in colour, somewhat porous and with a trachytic 
appearance. With the aid of a simple lens, or even vdth the naked 
eye, the component minerals may be clearly distinguished from one 
anoth(?r. These rocks are not at all like the typical glassy augitc- 
andcsites from Hautorin, Hungary, Java, and Australia, which are 
of a pitch-black colour, and have a resinous lustre and conchoidal 
fracture, but rather resemble typical liornblende-andcsites. The 
ground-mass, of these specimens is not, as is usually the case, a glassy 
paste containing felted microliths, but is mostly holociystalline. 
Sometimes a few of the specimens show a glassy interstitial sub- 
stance in small (quantity. The rocks from the Kozuke province, 
however, approach in structure to the typical augite-andosites. 

Porphyritic Constituents. 

Plagioclase occurs in crystals ranging up to three millim. They 
are usually twinned on the alhite type. 

Besides the all type, another system of twinning parallel to 
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the macropinacoid is also developed, making an angle of from 86° to 
87° with that parallel to the brachypinacoid* * * § . 

It is difficult to get mathematictilly accurate microscopic sections, 
and therefore optical researches are possible only in a few cases. 
In the basal section parallel to P, the maximum extinction of light 
takes place between 15° and 20° (in the sense of Schuster) with the 
edge P/M ; but the exact point could not be fixed with any degree 
of certainty owing to the so-caUed iindulatory extinction. The 
angular values are not constant, varying from 13° to 35°. In the 
brachypinacoidal sections parallel to M, the direction of maximum 
extinction makes an angle of from 5° to 6° with the edge P/M. 

These measurements indicate that the felspar is labradorito, 
according to the observations made by Max Schuster f, while the 
following chemical analysis confirms this view. 

The porphyritic felspar, by virtue of its difference i n specific gravity 
from the other constituents, may be mechanically separated by 
Thoulet’s solution (a mixture of potassium and mercuric iodide J). 
By repeated cautious treatment of coarsely pulverized samples of 
the rock from Ihama, Izu, I was able to obtain felspar grains, the 
purity of which was evident under the microscope. 

The alkalies were determined by the new method of Prof. W. 
Knop §. 

The analysis gives the following result ; — 

SiO, 55*97 

Al,()., 27*60 

Fe/lg 1*68 

CaO 11.88 

MgO 0*66 

Na/) 3*83 

K,0 0-08 

101*70 

Subtracting the quantities of Fc/lg, MgO, and K.p from the sum, 
and calculating the remainder up to 100, the following numbers 
are obtained : — 

* According to Stelzner, the angle made by two systems oflaraellas, one parallel 
to the macropinacoid oo P oo, the other parallel to the brachypinacoid oo P oo, 
amounts to 86° 40' in labrador ite. By comparing the angular measurements 
of the two felspars, our felspar is found to have a remarkable coincidence as 
regards optical behaviour with that of Stelzner. Berg- und Hiittenm. Zeit. xxix. 
p. 150. 

t “ Ueber die Orientirun^ der Plagioklase,” in Tschermaks ‘ Mineralogische 
imd petrographische Mittheilungen,’ iii. p. 186. 

} “ Ueber die Verwendbarkeit einer Kahumquecksilberjodlosung bei mineralo* 
gischen und petrographischen Untersuchungen,” N. Jahrb. f. Mineralogie, &c. 
1 . Beilage Band. 

§ W* Knop, “Neue Methode fiir quantitative Trennung des Natrons und 
K^s,” Bericht der math-pbys. Olasse der k. s^'hs. Uesellschaft der Wissen- 
schafben, 1882. 
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SiO, 56*38 Oxygen quotient 30*69 
A1/)3 27*80 „ „ 12*95 

CaO 11*96 „ „ 3*42 

Na,0 3*86 „ „ 1*00 p***" 

100*00 

The oxygen ratios are 7*10 : 3 : 1*02, or approximately, 

7 : 3 : 1 . 

The oxygen ratios would correspond to the following theoretical 
chemical composition : — 

|Na/)4-fCa() + 2A]^0, + 7Si0^=Na,0+3Ca0 + 4Al,03 + 148iO^. 


Calculating this in percentages, we have the following ; — 

SiO 56*83 

Al^O, 27*61 

OaO* 11*36 

yap 4*20 


100*00 

On comparing this analytically obtained result with Tsehermak’s 
theoretical composition of the plagioclase group, it is clear that our 
felspar approximates to a mixture of three molecules of albite 
with four molecules of anorthite, which gives the following per- 
centages : — 


SiO, .... 

. ... 53*6 

Al.,().,. . . . 

. . . , 29*8 

CaO .... 

.... 11-7 

Na/) 

. . . . 4*9 


The felspar in the Japanese augite-andesites is therefore labra- 
dorite. This labradorite is characterized by its large amount of 
silica and small quantity of alumina. The soda and lime approxi- 
mately agree with the theoretical numbers. , 

Experiments in accordance with Boricky’s method by treating 
thin sections with a few drops of hydrosilicoHuoric acid, afford a 
large number of monoclinic or spindle-shaped crystals of calcium- 
silico-fluoride (Ca8iF^j-f 2H,0) ; but a comparatively small quantity 
of short- hexagonal prisms of sodium-silico-fluoride (NUySiEg) were 
likewise formed ; so at all events this plagioclase belongs to the 
soda-lime felspars. It often exhibits the “ progressive ” zonal 
structure described by Hopfner and this is especially well marked 
in the brachypinacoid oo P oo. The optical behaviour of the inner 
and outer zones is not the same. In reference to the zonal structure 
the direction of extinction makes a greater angle by from 6® to 10° 

* “Ueber das Qestein des Monte Ttgumbina in Peru.” N. Jahrb. 1881, ii. 

Band. 
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in the inner zones than in the periphery, indicating that the central 
portion is more basic than the external. 

This optical peculiarity may be partly due to another cause. 
Usually the zonal layers strictly follow and run parallel to the 
contours of the crystals ; but here and there the nuclear crystals are 
bounded by entirely different faces. It may possibly be that in this 
ease the outer and the inner portion of a crystal are not parallel. 
If this be the case, then the crystal-nuclei must consequently show 
the extinction in another direction, and these differences ought not 
to be exclusively ascribed to chemical discrepancies. 

Under the microscope these thin felspar-sections are usually 
seen to be stripped away in the centre ; this is due partly to the 
decomposed state of the centre, the latter being easily obliterated in 
polishing and slicing, while the surrounding parts remain intact. 
These facts tend to show that the two respective zones are either 
different in chemical comx^ositioii or in tlic molecular arrangement 
of the substance of the felspar. 

The plagioclaso is tolerably rich in microscopic interpositions, 
whoso iUTangeirients arc diverse^, viz. central, ])cri])heric (very 
seldom), or in the intermediate zone between the exterior and the 
interior, or, lastly, without any order. They consist of granules 
of augite, fragments of felspar with twin lamcllse, magnetite grains 
and crystals, bluish crystallites (probably augite?), iron-glance, tri- 
chites, hyaline and semihyaline enclosures, and stone-cavities. 

It is worth while liere to remark that the more recent eruj>tive 
rocks are in general free from licjuid-enclosures wnth spontan('oijs]y 
moving bubbles; but in the plagioclase of Japanese augit e-andesites 
they are not rare, as for example in the andc'sites from Tsiogigabara, 
lhama, Yawatano, &c. The same is the case in the augite of our 
andesites. The liquid in the enclosures ap])ears to be water, the 
bubbles not being apparently affected by a slight apjdication of lieat. 

The glass in the enclosures differs both in colour and in })hysical 
properties from that of the ground-mass ; the enclosed glassy basis 
is sometimes devitrified and no longer isotro})ic. The felspars are 
often grouped in a confused manner; they are variously ]>ent and 
cracked, owing to mechanical disturbances while flowing in a once 
semi-fluid magma. 

^(inicUne . — This occurs, in thin slices, mostly in square, rect- 
angular, or broad irregularly shaped forms. The crystals arc eitlier 
simple or twinned. Sections of the ortbodiagonal zone show the 
extinctions which coincide with the orthodiagonal axis and with the 
plane of symmetry. Sanidine occurs only in subordinate amounts, 
or is even entirely absent in many cases. 

Amjite is the second essential mineral component, and it claims 
our special attention on accconnt of its many peculiarities. It 
occurs in these andesites as grains, as rounded fragments, or in 
tlie form of well-developed crystals with the combination of oo P oo, 
Qo S C 30 , 00 P, P, in which the piiiacoids are well developed at the 
exijense of the prisms. The prismatic faces are, as a general rule, 
uno(iually developed, one pair being much broader than the other. 
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The augites in all hitherto-examined specimens are decidedly 
pleochroic ; — 

C=deep green; A = light green ; B = brown ; c ; C=44° — 48°. 

A basal section always presents traces of the characteristic 
cleavages which intersect at about 87°. Simple as well as multiple 
twins are of common occurrence, and the poly synthetic twins display 
brilliantly banded polarization-colours similar to those of the twin 
lamella) of plagioclase. 

It is a very singular fact that the triclinic (?) nature of the so-called 
monoclinic normal augite entirely escaped the notice of observers 
until W. Cross lately called attention to this point. Basal sections 
of twins of the common tyi)e exhibit always an oblique extinction, 
in such a way that the deviation of direction in the two halves is 
nearly 30° from the plane of composition. If the normal augite be 
really monoclinic, then this should not take place ; but in all ob- 
served cases, it indicates the triclinic (?) character rather than the 
monoclinic. Ought this fact to be simply ascribed to an o^yticcH 
anomaly ? 

Another mode of twinning is also observed in the augites of the 
augite-anclesite from Tsiogigahara and in the basalt from Komura, 
both in the Izu province. In the microscopic sections, the twinning- 
plane makes an angle of 18°—] 3° with the traces of cleavage in the 
augite crystals, and consecpiently this twinning should not be iden- 
tilicd with that of the common type. The composition-face of the 
twins may be perhaps go P 2 Cohen f and H. Sommerlad i have 
described similar twii. in hornblendes. 

Since the publication of the admirable work of M. Fouque §, 
lithologists licvc been led to distinguish the pleochroic and non- 
pleochroic nugites in augite-andesitos as two distinct species of 
])yroxenc, the former hypersthene and the latter the normal augite. 
lloseiibusch |i, in his well-known work, discussed this subject very 
critically, and he was led to the conclusion that these (pleochroic 
and nou-])leochroic) augites are one and the same species of mono- 
clinic augite, although he did not absolutely deny the presence of 
hy])ersthene in augite-andesites, but only considered it “ iiberaus 
wahrscheinlich.’^ Lately a few lithologists ^ have taken up this 

* 11. Scanrncrlad observed similar twins in tbe augite of the hornblende- 
basalt from Liebbard, Germany ; but, following the example of Rosonbusch, 
be siij)])osed tha t the plane of eoiniiosition of these twins might be a clinodome. 
N. Jabrb. f. Mineralogie, &c. Ilcilage J3aiid ii. p. 147. 

t ‘ Geogrujstiselio Rcsehreibiuig der Umgegeiid von Heidelberg/ Heft i. 

p. bO. 

t “ Ueber Ilornblendefuhrcndo Basaltgesteinc.’’ N. Jahrb. Beilage Band ii. 

p. IhO. 

§ ‘ Santorin et ees Eruptions/ Paris, 1870. 

II ‘ Massige Gesteine, p.’ 411. 

•jj W. Cross, Bulletin of the United States Geological Survey, no. i. 1883, and 
Hague and .1. P. Iddings, American Journal of Science, vol. xxvi. September, 
1883 ; J. J. Harris Teall, Notes on the Cheviot Andesites and Porphyritea, Geol. 
Mag. Dec. ii. vol. x. no. 2 l^ 5, 1883; No. 226, 1883 ; no. 228, 1883; and o 
Hypersthene Andesite, ibid. no. 230, 1883. 
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subject again in support of the views of MM. Fouque ; and W . Cross 
has stated that the chief suhdivisioA of the augite-andcsites may 
more properly be called h\q)ersthen e-andesite. 

The augites in the J apanese andesites show analogous phenomena 
in thin slices. As already mentioned, some are pleochroic and some 
are not, or, at most, very feebly so, even if pleochroism bo really 
present at all. 

The pleochroic sections extinguish the light parallel to the axis c, 
and at right angles to it, while the non-pleochroic ones have the 
oblique direction of extinction. The question whether the pleo* 
chroic and non-plcochroic sections belong to two species of pyroxene, 
will be elucidated by the following explanations, which lead us to 
the logical conclusion that they are one and th('. same species. 

If a monoclinic augite-crystal be cut parallel to go P go , then its 
optical properties are identical with those of rhombic pyroxenes, and 
the pleochroism is very strong, because C = deej) green, and B = 
brown or sometimes reddish broAvn. In fact it is just like hyper- 
sthene. In the clinopinacoidal section tlie pleochroism is very weak 
or scarcely noticeable, because C= deep green and A = light green, 
Thc^se liglit and dee]) green colours appear in an approximately 
clinopinacoidal section as a mixed green ; but the extinction- direc- 
tion determines at once whether the mineral belongs to the mono- 
clinic or the rlioinbic 83 ’stem. 

For the sake of expejim('nt, an augite crystal was picked out of a 
rock collected in Yawatano and immersed in soft balsam. The 
orthopin acoid shovA^d an intense pleochroism and optically behfived 
just like the rhombic mineral hyperstheno, for which it is often 
taken ; but the clino])inacoid was non-pleochroic, the extinction- 
direction was oblique, c : C=43°. Kelying upon these facts, this 
mineral, seemingly Ixionging to t-AVO species, a])pears to bo one and 
the same substance, i. e. normal augite. The ])roperty of pleochroism, 
which has been made of critical moment in distinguisbing hyjjerstbeiie 
from ordinary augite, is a very doubtful one, since the intensity 
depends upon the thickness of the section ; and also because liy})er- 
sthene, in a very thin section, no longer exhibits jdeochroism, although 
a clinopinacoidal section of considerable thickness exhibits tolerably 
intense pleochroism. The intensity of pleocliroism de])ends some- 
times U])on a certain stage of cliemical change in augit-e. If hyj)er- 
sthene bo really j)resent, its basal section would probably show a 
trace of the brachypin acoid al cleavage, which I have never seen in 
my slices. The chemical analysis giA^on in the socjucl shows 10 i)er 
cent, of CaO, which is hard to reconcile with the assumption that 
this mineral is hypersthene. 

The never-failing accompaniments are the glass -enclosures with 
or without fixed bubbles, which are arranged parallel to the longitu- 
dinal axis. In some augites the enclosed glass is brown, although no 
such glass-basis is j)resent in the ground-mass. Augites, poor in 
longitudinal fissures, are rich in glass-enclosures, and vice verm. 
This fact indicates that the presence of the one i)recludes the 
development of the other. Light reddish brown, grey or colourless 
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apatite crj’stals also occur in the augites. Fragments of polysyn- 
thetio felspar, colourless microliths (augites?), and octahodra of 
magnetite occur as microscopic interpositions. 

In rare cases, well-developed augite crystals are enclosed by a 
border of opacite aggregations. In the hornblendes of eruptive 
rocks such aggregations are by no means rare, and lithologists are 
in the habit of laying particular stress on this point as being cha- 
racteristic of hornblende in contradistinction to augite when both 
minerals occur in the same rock. As yet only one such occurrence 
is known to me. 

Pabst * was the first to mention this peculiarity, which he ob- 
served in augite-bearing hornblende- andesite from Kurokami D^ke, 
Kiu-Siu. Augite crystals are at times completely bordered by 
augite granules, forming a special zone, which zone, however, causes 
no departure from the original crystallographic outlines. 

The granular wall is affected by the action of polarized light in a 
less degree than the central mass, but the optical orientation is just 
the same, both in the external wall and in the inner augite sub- 
stance. Dbltcr and Hussak recently made the experiment of 
smelting dark green augite from a hornblende-andesite from Green- 
wood Furnace, North America. The smelted augite was changed 
into small light-brown grains, the optical characters of which re- 
mained unchanged. Our augites also seem to have undergone a 
partial smelting, and consequently the formation of granules is 
restricted to the perii)hery. 

The individual crystals are, in general, strongly developed in the 
clinoaxial direction, e. . nd the glass-enclosures ijiterposed in the plane 
parallel to that direction are flat. In the clinopinacoidal section 
the glass-enclosures appear rounded or oval, with air-bubbles ; few, 
however, attain a moderately largo size (O'OIj millim.). When 
viewed from the ortho])inacoidal face under low powers, the glass- 
enclosures appear as black rods. By employing high powers, and 
esjiecially by moving the mi croraeter- screw, the black rods are seen 
to be really transparent, and they represent the side view of the 
fiat glass-enclosnr(‘s wliich are arranged ])arallel to the clinopinacoid. 
l^anieJlar struct are, so common in the basaltic augite, ajq^ears to be 
absent in these crystals. Tlio larger augite crystals are grouped 
together in the most varied manner, sometimes in stellate forms, at 
others two individuals form cross twins, which intersect at an angle 
of 79°. Fcrha]>8 this may be the twin whose composition-face is 
the homidomc — F oo (Naumann-Zirkel, ‘ Mineralogie,’ 11 te Auflage, 
]). ()04). These twdns can be best studied in the augite of tlie 
augite-andesite from the Miogi-San, Kozuke provin(*e. 

An analysis of the pleochroic augite from Ihama in Izu, the 
material of which was isolated by Thou let’s solution, gave the 
following results ; — 

* ‘llntersuchungen von cliinesisclion iind japanisclu n zur Porzollanfabrikation 
verwandten Gesteinvorkoininnissen.’ Inaiig. THsi^ert. Ix'ipzig, 1880. Also in 
Zeitschr. d. d. geol. Gi's. xxxiii. 18S0, p. 258. 
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SiO, 53*26 

Al.,0, 4*01 

FeSh 3*42 

Fob 14*07 

MnO trace 

CaO 10*15 

Mo-O 14*05 


From the above, we pjet the following numhers : — 

Si 24-85 

A1 2-12 

Fe 2-20 

Fe 10*04 

('a 7*25 

Mg 8*70 

from which it follows : — 

li:Si = l: 1*10 
R :ll=l : 12*10 

Tt+B:«=l: 1-18 
Ec : Ca : Mg = 1-02 ; 1 : 2-03 

By the Tlioiilet solution, the augite and magnetite could not be 
8(>parated from each other, the specific gravity of both being higher 
than that of the solution. The larger grains and crystals of 
magnetite were separated from the mixture by the magnet ; but 
those which were enveloped in the augites and small granules 
attached to them could not be separated. The high amount of 
sesquioxide of iron in the analytical result should perhaps bo 
attributed to this cause. 

From a chemical point of view, this augite has the closest relation 
to diallage. 

Magnetite^ of primary as well as secondary origin, occurs in 
large quantity and constitutes one of the essential ingredients of the 
rock. It is found either in grains or in octahedra, and the augite 
is never free from its presence. 

Magnetite is large in its dimensions in proportion as the other 
constituents are also large, but is inversely proportional in the 
perfection of its crystallographic foiun ; that is to say, the coarser 
the other constituents the larger is the size of the magnetite, but 
the more imperfect it is in its crystallographic form. 

Secondary magnetite (in contradistinction to the primary) origi- 
nates from the decomposition of augite together with quartz and 
calcspar, and this magnetite, as well as that of ])rimary origin, 
passes by decomposition into limonite. 

Quartz occurs in the quartz-bearing augite- an desite in the 
form of grains and never in well-developed crystals, (llass-inclu- 
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sions are tolerably abundant, and at times exhibit the hexagona/ 
form of quartz. These glass-en closures contain fixed bubbles, and 
also black rods which radiate from the centre to the periphery like 
the spokes of a wheel. The augite-andesito from llosio contains 
(juartz, which looks apparently homogeneous, but is really composed 
of many fragm(mts of quartz crystals intimately united, each 
fragment in its optical behaviour being quite independent of the 
otliers, so that under polarized light the aggregate appears as a 
mosaic. 

The quartz grains arc free from liquid-enclosures, while in the 
felspars they are common. When both quartz and felspar occur 
together (as is usually the case), then the presence of li(|uid-cnlco- 
sures in the one and their absence in the other make a striking 
contrast. 

(Quartz of secondary origin is by no means rare, and usually 
fills up the vacant spaces in the ground-mass. In this quartz 
numci’oiis radially arranged air-bubbles occur. The general appear- 
ance is like that of fibrous chalccdonic concretions with vivid 
ciiromatic polarizjition. Secondary (juartz arises from the decomposi- 
tion of augil e and jiartly from infiltration of silica. 


As is well known, augite contains more lime than iron, while in 
amphibolo the reverse is the case. During the act of transformation 
(probably induced by the caustic action of the once semi-fluid 

* “ Ueber d. kryst. Gestoine liings d. 40 Breitegrade in N. A.” Ber. d. k. s^hs. 
Ges. d. Wiss. 1S77, p. 181. 

t Neiu's Jahrb. f. Mineralogie, &e., 188^, ii. “ Uebor die dunklen Uinran' 
dungen dor Hornblondcn und Biotite in don mnssigon Gesteinen.” 
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magma and not by decomposition in the ordinary sense of the 
term used by Oebbeke) the iron in the hornblende becomes separated 
as magnetite or as some silicate of iron, and the residual substance 
will contain a higher percejitagc of lime in proportion to the decrease 
of iron, so tliat the resulting substance will have approximately 
the composition of augito. Oebbeke ^ says that when hornblende 
is for a long time strojjgh’ ignited, it becomes dark brownish-red, a 
change due perhaps to the oxidation of iron, while augite remains 
totally unaffi'cted. 

Mitschorlich, Berthier, and G. Bose t have shown that fused amphi- 
bole, in solidifying, crystallizes in the pyroxene-form, while pyroxene 
reassuines its original conlignration. n()j)fner J and Oebbeke § 
share the same vw\\\ Therefore the transformation of liornblende 
into augite apjK'ars by no means surprising. The experiment made 
l)y Ddlter and Jlussak !| corroborates this fact. 

In addition to the augito-grains magnetite also occurs in the 

0 ] )acitc margins, being sometimes sufficiently abundant to form 

1) seudomor]>hs after liornblende. In other cases hornblende under- 
goes another mode of dc(;oin])osition, and assumes a fibrous structure, 
in which condition it bears a great resemldance to enstatite. The 
fibrous hornideiide is jdeoehroic. C=dark green. B = brownish 
green. A=light green. C >B > A. c : C= 17' . 

PJnfiiatilc occurs only in a few andesites. It is found in 
roetangular sections, the colour bidiig green or brown. It exhibits 
fine rectiliiu‘ar striations and is disfinelly pleochroic. C= sea-green. 
A or B = reddisli l)ro\Nii. This rliomhie i)yroxene of course 
extinguishes the light ])arallel to the crystallograjdiie axes. Be- 
sides the vortical striations, the enstatite is irregularly crossed by 
transverse vcuiis. Very fine silky asbestiform fibres (chrysotile ?) 
j)ass at right angles from these veins, along which decomposition 
has commenced. 

This enstatite contains colourless needles and grey rounded 
crystals in great abundance. 

Apatite . — Though not present in large quantity, a])atite is^ 
however, widely distributed, and may perhaps be ranked as an 
essential ingiedient of andesific rocks. In these it occurs in the 
form of crystals with rounded edges, and never shows a finished 
cry stall ograidiic form. Apjitito is usually grey, brown, or almost 
black, these various tints being due to microscopic interpositions 
of cylindrical pores and opaque rods, which are mostly grouped in 
the centre of the crystals. 

In one specimen the apatite contains an apatite microlith, showing 
the combination oo P, P, OP ; and in another are liquid-enclosures 
with vibrating bubbles. 

The imperfect form of the apatite individuals may be due to a 

* Neues Jahrb. i. Beilage Band. p. 475. “Beitrage zur Petrographic der 
Philippinen und der Palau Iiiseln.” 

+ Nauinanii-Zirkel, ‘ Minenilogie,' llte Auflage, p. 5fi7. 

f Neues Jahrb. i. 1881, p. 172. § Lac. vit. 

II N. tTahrb. f. Mineralogie, fe, 1884, i. Band, p. 25. 
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partial reabsorption of original crystals by the solvent action of the 
once semifluid rock-magma. Apatite belongs, no doubt, to the 
early-developed crystallized minerals, for the felspar-fragments 
enclose apatite and in turn the felspar is enclosed in the augite. 

T'ridipnite, or tlio tri clinic modilication of crystallized silica, 
occurs in various hand-specimens, being always of micro8CO])ic 
dimensions. It fills up the vacant spaces left in the ground-mass, 
and is consequently of a somewhat later origin, exco])t in the case 
of the andesite from Hosio, in which tridymite is one of the normal 
constituents. It possesses the well-known hexagonal or rounded 
forms which lap one over the other, presenting the appearance of 
roofing-tiles. Tridymite is comparatively indifferent to the action 
of polarized light, and between crossed nicols it only transmits a 
faint blue light. 

Scales of tridymite are always colourless, and the mineral 
])()ssesses a vitreous lustre. Another morphological modifi(;ation of 
it is found in the Japanese rocks, where the mineral is of a somewhat 
large size (0*4 mm.) and shows a fan-like twinning A horizontal 
view of the twinned crystals shows a deltoidal form with a line in 
the middle, bisccling the acute angle. This median line represents 
a ti’aeo of the joined faces of the twins upon one of the jryrainidal 
faces, and the direction of maximum extinction lies at 17 ' on either 
side of this median line. The included angle measures Such 

twins are abundantly jrresent in the rocks from the Jzii-San. 

Chalcedonjf occurs as a filling mass in various deconqrosed rocks, 
and is colourless or brown. It is made up of concentrically and 
radially arranged S])hernlites ]>res(‘nting faint cruciform figures 
between crossed nicols. lly reciprocal com])rGSsic)n, the s]>horu- 
lites assume polygonal outlines. 

Other products of decomposition which deserve to bo mentioned, 
are calcspar, epidote, and viridite. The first (calcspar) is found 
pseudomorphous after augite, and, partly, as a ]>rodiict of the de- 
composition of ftdspar. It occurs also in the clefts of fibrous 
enstatite, and in the veins of the rock-mass. Veins of calc8i)ar are 
easily recognized by the rliombohedral cleavage of the mineral ; also 
by its feeble chromatic polarization, and by the twinning striations 
which are caused by the entering and re-entering angles of — ^ K. 
It sometimes contains fiaid-cnclosures with movable bubbles. 

Epidote (secondary) is found in elongated grains in decomposed 
augites, forming tufts and irregular aggregates. It is of a deep 
lemon-yellow colour and is pleochroic. Its occurrence is always 
associated with that of viridite. Not only in augites, but also in 
decomposed felspars, yellow grains of opidoto are met with, and these 
lead the observer to think that epidote may have been derived from 
felspars. Indeed, such an origin has freijuently been assigned to it 
in petrographical literature. 1 think, however, that these epidote 
grains in the augite-andcsite are derived from viridite, which often 

* There is no doubt that these twins are the same which have been described 
and figured by Vom Rath (Poggendor£rs Annalen, clii. tab. I, fig. la). The 
twin -face is J P, the mineral being taken as hexagonal. 
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fills up clefts in the felspars, and has been introduced as an 
alteration-product of the augite, and not of the felspars ; that is to 
say, the epidote in decomposed felspars is of an authigeneous origin, 
but the viridito which generates the epidote is of an allothigeneous 
origin, in the sense of Kalkowsky. 

The viridiU to which 1 here refer is the chloritic or serpen- 
tinqoiis product of a decomposition of augite. It is sea-green or 
greenish brown, and consists of a veiy fine fibrous substance, the 
fibres being aiTMng(!d ])!irallel to the cliief axis of the augite ; at 
times the fibres form radial bunches from different centres, aggrega- 
tions of which represent the pseudomorjdis after augite. Yiridite 
is very w eakly ])l(H)c]iroic and displays aggregate polarization. It 
is partly soluble in JICl. 

The ground- mass is mostly holocrystalliiie and microscopically 
phanerocrystalline. All the poqdiyritic ingredients recur in it, and 
this ground-mass is, indeed, a second and a different phase of the 
crystallization. 

Hence the roi;k assumes a porphyritic structure. The felspar- 
microlitbs are latli-sliajx'd simple crystals, or twins, possessing a 
hyaline lustre. The direction of the maximum extinction of the 
twdnned microliths makes a smaller angle by with reference 

to the twdn lainelhe, than that of the por[diyritic specimens, and 
they are ])robab]y aiidesine or oligoclase. Optical vcaafication is, 
liowover, very difficult on account of their minute size, dhese 
microlithic felspars of the ground-mass may differ in species from 
the porphyrit-ic crystals, because the former (microliths) came into 
existence after tlie crystallization of the greater (porphyritic) felspar 
from a clieiuically differojit magma. ILipfncr conjectures tlujse to 
bo a lime-soda felspar, and tlic pori)hyritic ones a soda--lime felspar. 

Augite occurs in the ground-mass as grains or microliths. 

MagneUtc . — The primary magnetite is mostly found in w^ell- 
developed crystals, while the secondary magnetite occurs in grains 
or as irregular masses. A glassy basis is rare ; when present it is 
colourless or brown, sometimes devitrifiod, and contains trichites 
of all possible forms. 

The ground-mass is of two kinds with reference to the genesis of 
the mineralogical components, the one of granitic, the other of 
diabasic structure ; in the former the Mg-Fe-silicates crystallize 
out before the felspar component, in the latter the reverse is the 
case. In most cases, however, the structure of the ground-mass is 
of a granitic character. 

Structural Variety and Individual Descriptions of Augite-andesites. 

As I have already stated, the augite-andesites are obtained mostly 
from tho Izu province, which lies south-east of the Fudji-San. This 
peninsula is a volcanic district, traversed from N.W. to S.E. by the 
Amagi range, the highest point being the Amagi itself (4700 metres 
above the level of the sea), a volcano with six plainly traceable 
craters, now dormant, the others having solfataras. The Omuroyama 
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has a crater 200 metres in depth. All are well-shaped conical 
peaks. This district contains eleven thermal springs (41°-103^'C.), 
one of which is the geyser of Atami. 

The fundamental rock of this district is exposed onl}^ in one 
locality (Nasimoto), where beds of limestone are observed under- 
lying the later eruptive rock, and these contain some remains of 
Foraminifera. These beds reap})ear at 8imoda. 

Yolcanic tuffs of submarine origin fringe the coast and, occasion- 
ally, contain sharks’ teeth, corals, and shells of ^lollusca. This fossil- 
iferous layer is found in the interior of the district at a considerable 
height (400 metres above the sea-level). ^The country has cer- 
tainly undei’gone an upheaval at a comparatively recent date, as 
stai('d by Hahn in his work 

The typical aiigite- an desite of the district is that from lhamat. 
It is a dark grey and somewhat porous rock. Felspar (3 millim.) is 
the dominant por])hyrilie component. Augite ranks next to it and 
then magnetite. The composition is normal. The goruTal pro- 
perties of the mineral components have already been described ; 
hence in the following pages only particular cases will bo noted. 

The felspar is fresli and hyaline (Tschermak's niikrotine), but 
variously bent and cracked, and the crystals are mostly rounded. 
It contains abundant glass-enclosures, steam-pores, colourless micro- 
liths, magnetite-grains, and trichites. Under high powers the 
oval or round glass-enclosures in the felspar are seen to contain 
very minute flat colourless bodies (K. v. Chnistschoff s discoliths) J. 
These are absent from the larg(3 felspar fragments enclosed in the 
augites, but abound in the liquid-enclosures with spontaneously 
moving bubbles. In a thin slice of the rock from the same locality 
I observed a felspar section which is twinned on the llaveno type. 
Its form is square and the trace of the twinning plane runs diago- 
nally across that section. That this felspar is asymmetric, is evident, 
since the planes of the optic axis do not stand at right angles to one 
another in two halves of the resolved crystals, but make an included 
angle of 12°. 

Augite is found in well-developed crystals in the combination 
(c/dP (X, Pco 5 Qo) with rudimentary faces of the prism and also 
pyramids. It is pleochroic and contains numerous glass- enclosures. 
Negative crystals with fixed bubbles occur, as well as liquid-on-clo 
sures. Biotite is present in small flakes of a brown colour, and 
displays strong absorption. This is tlie only one of these augite- 
andesites which contains biotite. 

The augite is brown or grey. 

The ground-mass consists of a mixture of the lath-shaped felspar, 
small augite prisms and needles, and also magnetite grains. A 
peculiar arrangement of these produces the microfluctuation-structure 

* ‘ UntersucLung iiber das Aufsteigen und Sinken dcr Kiister,’ Leipzig, 1879. 

t Unless otherwise mentioned, all the localities of augite-andesites are situ- 
ated in the Izu province. 

I Tsehennaka ‘ Minoralogische und petrograi)hi8ehe Mittheilungen,' Band iv. 
p. 481. 
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around the porphyritic constituents. Traces of the brown glass 
basis are present in patches here and there. 

The augite- andesite from Yagisawa is essentially similar. 

The felspar is rich in rectangular glass-enclosures, and a basal 
section extinguishes the light at from 17*^ to 19° with IVM. The 
discoliths arc ty])icMlly developed in this rock. Iron-glance and 
hydrated iron-oxides are found in the porphyritic crystals and in the 
ground-mass. 

The augite possesses well- developed pinacoids. The porphyritic 
augite as well as that of the ground-mass crystallizes out after the 
felspar. Apatite is rare, and there is no glass-basis. 

Closely allied to th(i ])reccding is the rock from Toda. It deserves 
our special attention on account of the presence of tridymite, which 
is found in vacant sj)aces in the ground-mass, and consists of small 
hexagonal or rounded scnlcs lapping one over the other like roofing- 
tiles. Another modilication (])ago 441) also occurs associated with 
the former. Crey or luown apatite occurs in the augite and in the 
ground-mass. Iron-glance is plentiful in the augite and in the 
felspar. No glasvs-basis. The microfluctuation -structure is very 
distinct. 

Another tridymit(vbearing andesite is from the Izu-San. The 
external appearance is light grey. It is somewhat porous, and it 
has a striking resenil dm ice to the ground-mass of the trachyte of 
the Drachonfels, on the Uhine. (). Xuntze has mentioned the occur- 
rence of a trachyte between Odawara and Atami. It is very 
likely identical with that of the Izu-San ; and if so, Xuntzo’s^ trachyte 
would prove to be a true augiie-and<'8itt‘, for the Izu-San rock is 
made up of augite and plagioclaso. The felspar looks glassy, is 
well striated, .and ])Oor in microscopic enclosures, but contains large 
isolated steam-pores. Sanidine is also present. Large jmrphyritic 
augite crystals .are scarce and show a we.ak jdeochroism. The colour 
of the augite differs in different i>arts of the same crystal. The one 
portion may be yellowish brown, while the other is deep brown ; the 
latter has a glassy appearance. Light bluish apatite is not rare. A 
few hornblende sections are occasionally found with the character- 
istic opacite margins filled internally with yellowish-brown augite 
grains, which result from the alteration of the hornblende f. 

The peculiarity of this rock is the abundance of its tridymite, 
which is found everywhere in empty spaces in the ground-mass, 
presenting a peculiar form of twinning The well-known aggrega- 
tion of hexagonal scales of tridymite suggestive of roofing-tiles, is 
hero entirely absent. The tridymite is colourless, with a bluish 
tinge by reflected light. The augites crystallize after the felspars. 
Patches of brown globular granulated glass-basis are found in the 
interstices between the lath-shaped felspars. The ground-mass is 
mostly made up of felspar microliths, and a few augite grains and 

* ‘ Mitth. d. d. Ges. fiir Natur- u. Volkerkunde Ostasiens,’ 7*®* Heft, 
Yokohama, 1875, p. 30. 

t Vide page 440. 

I Vide page 441 . 
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nc?edles and magnetite grains. This ground-mass presents another 
peculiar feature ; the interstices between the microliths are filled 
up with a colourless anisotropic substance, which has a striking 
resemblance to tridymite, and I consider this to be a crystalline 
form of silica. Th(' chemical analysis gives the following result : — 

8iO., OO-IO 

AIM, 

jaCo:, :k70 

Fe() 

CaO 5-10 

MgO 1*12 

Na,0 2-91 

K() 1-OlJ 

'l(»(HiS / f avity 

[ 2*4c)5(). 

The large amount of silica may be ascribed to the presence of 
trid 3 "mito. Another locality of the hornblende-bearing augitc- 
andesite is Fiinabara. It is similar to that of tlic Izu-8an. Here 
the alteration of the horblende into augitc grains can be more 
favoural)ly obseiwed than in the lzu-8an rock. 

The augite-andesite from Yawatano bc'longs to the dark grey 
porphyritic type. It has a brown glass-basis with trichi tes and 
augite, the latter with liquid-lacuna\ Apatite is not rare and 
shows strongly developed prismatic faces. A clino])inacoidal section 
contains a large number of oval glass enclosures (()•()!(> mm.) with 
fixed bubbles, which, when observed from tlio orthopinacoidal face, 
appear as black rods running parallel to the axis C. 

The rock from Kitayama is a dark ^roy porphjTitic andesite, and 
contains augite with granular augite borders of a deep brown colour. 
This singular structure is not the result of a simple adherence of the 
augite grains around the larg(?r individuals, but that of an actual 
decomposition caused by the caustic action of the once semi-fluid 
magma*. The reason (so, at least, I suppose) for this assum^^tion 
is that the granular wall behaves optically just like the inner main 
mass, or what is the same thing, the wall is optically tlio continua- 
tion of the inner augitc mass. On the contrary, if the external wall 
were the result of the simple aggregation of irregularly arranged 
augite grains, then it it is most likely that the individual grains 
would behave in a manner optically independent of each other, 
which in this instance is not the case. No doubt this action took 
place after the crystallization of the augites, but before the solidifi- 
cation of the ground-mass. Apatite and the glass-basis are wanting. 

In the Amagi-San rock the augite is changed into a dark green 
fibrous substance with pleochroic undecomposed augite kernels in 
the centre. Different stages of the decomposition can be easily 
traced ; it commences from the periphery and from the cracks ; the 

* Vide page 437. 


Q.J.G.S. No. 159. 
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resulting mass is green and fibrous. AVhen decomposition is further 
advanced, the viridite dwindles away and becomes entirely replaced 
by calcite, which then forms pseudomorphs after the augite. As 
augite in becoming viridite increases in volume by taking up water, 
so the dirty green fibrous mass pushes itself into the ground-mass 
everj^where and fills up the clefts in the felspar. Some apatite is 
present. There is no glass-basis. The following is an incomplete 
analysis of this rock : — 

Si(\ 59*14 

re./>3 11 

AU), 13* (>4 

CaO' 8*9G 

Specific gravity 2*57 G4. 

In the rock from Kasiwada the augite is completely decomposed 
and represented by hydrous sesquioxide of iron. Porphyritic augite 
is scarce, but the ground-mass is exceedingly rich in augite grains 
and microliths. The felspar precedes the augite in crystallization. 
This augite-andesite possesses a diabasic character, that is to say, 
the crystallization of the Mg-Fe-silicate has generally taken place 
later than that of the components poor in iron, viz. felspar and its 
vicarious components. This holds good both for the porphyritic 
constituents and for the ground-mass. The interstitial spaces of 
the ground-mass of this rock are filled with a bottle-green de vitrified 
substance which is but partially isotrojuc. The rock is traversed 
by veins and secretions of calc8i)ar and chalcedony. The former is 
easily soluble in hydrochloric acid, leaving a skeleton of chalcedony 
behind in the veins. 

The rocks from the Fusiwara pass * and also from Yawata t are 
exceedingly rich in specular iron. In the latter the plagioclase is 
irregularly broken and indented. Light reddish-brown or grey 
apatite is tolerably abundant. 

The augite-andesite from the Miogi-San in Kozuke has been 
concisely described by E. v. Draschc J. J. Hein §, in his work, called 
it a dolerite, and in another place a doleritic lava j|. 

It is a brownish grey coarsely poq^hyritic rock consisting of 
augite, plagioclase, and magnetite, but no olivine ; it is therefore 
not a dolerite, although its structure is doleritic. The augite 
crystals are strongly pleochroic and rich in specular iron. The 
augite forms the cross twins, whose composition-face will be most 
likely —Poo. The felspar shows few polysynthetic lamellations, 
but has a beautifully zoned structure. The ground-mass is 
holocrystalline, being a mixture of lath-shaped felspar crystals and 
augite microliths together with magnetite. The rock from the 

* In the province Izu. t Kai. 

i Neuee Juhrb. 1879, ii. p. 41. 

§ Petermann’a ‘ Geographieche Mittheilungen,’ Erganzungs-Hoft 7. Der 
Nataaendo, p. 33. 

11 ‘ Japan,’ Band i. p. 47. 
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Usiii pass opposite to the Miogi-San was analj sod by (). Ivorschelt*, 
who obtained the following results : — 


SiO, 

Al/), 

re,0, 

CaO 

20*42 

«-44 

8*3-3 

MgO 

;3-79 

Xa.,() 

5*74 

K (“) 

1*00 

102*:i7 


The rock from Tvanaiako, in the |)rovince Koziiko, has a black 
glassy appearance and resembles that from Podhrad in Hungary. 
Under the microscope the ground-mass is seen to consist of glassy 
plagioclase in lath-sliaped crystals, augite and grains of magnetite 
imbedded in a coffee-brown glass-basis very rich in augite belonites. 

The minute acicular bodies and spicular forms are gathered together 
in confustd aggregations, and in some instances large augite micro- 
liths are bordered by incipient crystals forming plumose tufts like 
the feather of an arrow ; the glass-basis around them is decolorized. 
In the rock from Kimimasu the components are of the normal type, 
except that the ground-mass has a spotted appearance caused by the 
irregular distribution of the glass leaving white spots in the mass. 
The spots are due to the aggregation of almost colourless, very 
minute augite microliths and a few felspar crystals. The remainder 
consists of the brown glass-basis with a few augite microliths. 


EnSTATITK- ANDESITES . 

One of the enstatite-aiidesites occurs in Xokaze in Izu. It is a 
blackish-green rock and coarsely porphyritic. Enstatite, plagioclase, 
and augite are porphyritically imbedded in the ground-mass. The 
enstatite is not fresh, and consists of a green fibrous substance, the 
fibres lying parallel to c. It is dichroic ; parallel to c it is sea- 
green ; normal to c, reddish brown. Extinction is parallel to the 
crystallographic axis. Apatite with liquid-enclosures occurs in 
this rhombic pyroxene, and calcspar in the lenticular interspaces 
between the fibres of the enstatite. Pleochroic, fresh, monoclinic 
augite is present, and also plagioclase. The ground-mass consists of 
felspar and augite microliths with a little magnetite, which by their 
arrangement show the so-called microfluctuation -structure. 

Another enstatite-andesite occurs in Xawatsi. It is of a dark 
colour and contains the columnar enstatite ; it is of the same 
character as that just described. When the enstatite is further 
decomposed, the fibrous substance is removed and is entirely 
replaced by calcspar. The latter is exceedingly rich in liquid- 

* Transactions of the Asiatic Society of Japan, 1880. E. Kinch, “ Contribu- 
tion to the Agricultural Chemistry of Japan,” p. ii8l. 
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enclosures with spontaneously moving bubbles. Au^te and felspar, 
the latter with liquid-enclosures, are porphyritically imbedded in the 
ground-mass. Dark brown apatite is present. 

The occurrence of rhombic pyroxene in augite-andesites seems to 
be rare. Hussak* found near Wiedena (east of ilohitsch) in southern 
Styria an andesite containing, besides monoclinic pyroxene, a mineral 
which is doubtless bastite. W. Cross f has mentioned the andesite 
from Buffalo Peak in Colorado as containing a rhombic augite which 
he considers to be hypersthene. A. Hague and J. P. Iddings + 
have also found hypersthene-andesite at Lassen’s Peak and Bainier, 
besides olivine-bearing hypersthene-aiidesites and hornblende- 
bearing hypersthene-andesite. Lagorio § found a rhombic pyroxene 
in certain andesites from the Caucasus. P. Peeke ||, A. Wichmann , 
and J. J. Harris Teall describe a few other occurrences. 

Qua KTZJUEROirs Aufi ITE-ANDESITES. 

Quartz-augitc-andcsites are rare. Tschermak has mentioned one 
occurrence in Caucasia ft. Ddltor XX has cited a few localities in 
Hungary, and Hdpfncr§§ in the rock from the Monte Tajumba in 
Peru. Tschermjik is of opinion that here the quartz must have been 
formed before the solidification of the rock. The so-called quartzi- 
ferous augite-andcsite from the Andes |||| was afterwards proved to bo 
false, although it contains G«‘l-G7 per cent, of silica, for no trace of 
quartz has been detected in thin slices of this rock. The high 
amount of silica must in this case be ascribed to its existence in the 
glass-basis in a latent state. I will hero mention a few real occur- 
rences of this rock. 

The typical rock occurs in Hosio near the Arafune peak^^. It is 
jntch-black in colour and has a resinous lustre ; felspar (0*3 millim.) 
and augite are porph 3 'riticaUy imbedded in the ground-mass. Under 
the microscope the fels 2 )ar and augite are generally seen to be rich 
in glass-enclosures and are irregular!}^ bent and cracked. Quartz 
occurs in isolated patches in a rounded form and contains air-pores and 
glass-enclosures, the presence of which and their similarity to those 
in the felspar are strong arguments that the quartz is a primitive 
constituent of the rock. Tridymite occurs as usual in hexagonal 
scales, the aggregations of which form the lumps around which the 
felspar and augitc-microlilhs assemble, showing at the same 
time a microfluctuation-structure. The tridymite appears to be a 

* Nones Jahrb. f. Mineralogie (1880), i. 290. 
t Pullelin of the United States Geological Survey, No. i. 1883. 
f American Journal of Science, vol. xxvi. September 1883. 

§ A. Lagorio, ‘ Pie Andesite des Kaukasus,’ Dorpat, 1878, pp. 18, 85. 

{| Tschermak’s ‘ Min. u petr. Mittheilungen,’ Patid v. p. 520. 

^ Ibid, p. 38. ** Loc. dt. 

tt ‘ Roseiibusch, ‘ Physiographie,’ Band ii. p. 413. 

\t Ibid. p. 415. 

§§ Neues Jahrb. f. Mineralogie &c. (1881), ii. p. I(i4. 

11 11 Zirkel, ‘ Pie rnikroskopiBohe Beschaffenheit der Minineralien u. Qesteine/ 
p. 413. 

•[•[[ In the province of Kozuke. 
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primitive constituent of this rock. Hexagonal colourless apatite is 
pretty abundant, especially in the augite sections. The ground-mass 
consists wholly of a light-brown glass-basis with multitudes of 
microliths. 

The rock from Sitaru contains quartz with hexagonal glass- 
enclosures, and glassy-looking plagioclase, both having abundant 
liquid-enclosures with movable bubbles. With a few exceptions, 
the augite is decomposed into viridite, and the felspar has also 
suffered a decomposition. Epidofce grains and needles are plentiful 
in the decomposed augite. They have usually an intense yellow 
colour and are distinctly pleochroic. The ground-mass is holo- 
crystalliue. Thirdly the rock from Kamifuiiabara also belongs to 
this group. Hero the quartz grains are somewhat large (2 millim.) 
and rich in glass-enclosures. The latter show the hexagonal form of 
quartz and contain fixed bubbles and an amorphous opa(jue substance 
in the centre. The quartz is irregularly indonted,foniiing bays and 
inlets ; and the ground- mass is pressed into these spaces as in the 
quartz of quartz-porphyries and rhyolites. The rock-texture is 
coarsely porphyritic. The rock from Tsiogigahara is a dark grey 
porphyritic variety. The quartz occurs in grains and is rare. JVo 
glass-basis is present. 

IIoilNBLENDE- AND ESITE. 

Kamagawa, Kai province. 

This is a dar1v-grey rock. The porphyritic ingredients are not so 
distinctly develo[)ed as in the angite-andesiti‘s. The microscope 
shows the mineral components to he hornbhuidc, plagioclase, and 
magnetite, but neith* ” augite nor a])atite is present. The felspar 
is twinned and well develojied, and contains licpiid-cnclosures. The 
periclinc typo of twinning also makes its aj)poarancc in this 
plagioclase. In the basal sections of the hornblondo the charac- 
teristic cleavage is yery distinct. The longitudinal columnar 
sections are seen to be made uj) entirely of fine fibres, which run 
parallel to the vertical axis, and black rods (or opacitc) arc 
interposed between them, causing the crystal to roscmblo enstatite ; 
the oblique extinction on ao oo = 1 7". It is pleochroic, ranging 
from sea-green to reddish brown, or light brown. Tho hornblende 
is partly altered into epidote grains of a greenish-yellow colour. 
The ground-mass consists of latli-8ha])ed felspar, hornblende needles, 
and magnetite octaliedra, together with brown plates of hornblende 
showing a microfluctuation-striictiire. No glass-basis. Colourless 
apatite is plentiful. 

Plagioclase Basalts. 

Plagioclase basalts cannot be distinguished from augitc-andesito 
except through tho presence of olivine as an essential ingredient, 
apd as these rocks occur closely connected with each other 
geologically, I was confronted with considerable * difficulty in 
assigning a name to either, especially when the olivine is present 
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in small quantity and in obscure forms. Taken as a whole, basalt 
is confined to the region near the crater of extinct volcanoes, and 
consequently appears younger than augite-andesite. These basalts 
may for the most part be regarded as dolerites, save a few glassy 
modifications — true basalt or basaltite. 

Olivine is not found in great abundance in these rocks. It is 
always the first to decompose, passing into hydrous iron-oxide. 
Neither picotite nor chromite could be detected in these olivines. 

Typical basalt occurs in Punabara. It is a uniformly crystalline, 
apparently homogeneous rock of a dark grey colour, in which the 
only macroscopieally discernible ingredient is the olivine, in yeUow 
patches. The microscope shows ns a multiplicity of other ingre- 
dients. Plagioclase occurs in the small columnar form of simple 
ciystals, and rarely in twins. In the twin crystals the direction 
of maximum extinction makes an angle of ir)°-20° with the twin 
lamellae. Ilroad tabular sections are rare. The felspar is partly 
soluble in llCl, the central portion being most easily attacked. 
Augite is most abundant and occurs in grains, i3osses8ing a yellowish 
brown colour, and showing no perceptible dichroism ; it is free from 
enclosures excej)t magnetite grains and felspar fragments. Its 
sections are usually six-sided, or it occurs in irregular grains, and 
all have suffered partial decomposition, being traversed by a brown 
rectilinear hair-like substance, which runs strictly parallel to the 
chief axis. The olivine contains many liquid-enclosures with 
movable bubbles. Magnetite octahedra are always enclosed in it, 
and when the olivine is fresh serve to distinguish it from augite. 
The mngnetite occurs in well-developed crystals, which are larger 
than those usually found in augit.es. The glolmlitically-devitrified 
glass-basis fills up the interstitial spaces. The following is the 
analysis of this rock, the iron having been determined as Pe/) 3 : 


SiO.. 

AI.A 

Fe.,(), 

... 51-12 

. . . ]()*01 
... 21*89 

Ciib ' 

. . . l()-32 

MgO 

. . . 2*41 

.Na,0 

3*74 

,(■) ..... 

1-04 


102*0:^ 

Specific gravit}' 2*555. 


Ihe dark-grey doleritc from Amagi-8an (Omigutsi) and from 
Jsibe resembles those already described. The felspar is mostly 
decomposed in the central portion into a grey kaolin-like mass, 
while the surrounding i)ortion remains quiUi intact. Tho augite 
presents no special characteristics. It shows a feeble indication 
of the variegated zonal structure. Olivine is found in crvstals^f 
various sizes, the largest lieing millim : but these are rare.' Small 
altered grains of it are widely distjihuted. Apatite is tolerably 
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abundant as interpositions in felspar and augite. A colourless glass- 
basis occupies the wedge-shaped interstices in the ground-mass. 
The dolerite from Ihama also belongs to the preceding type ; and 
that of the Asio Pass is characterized by containing olivine rich in 
glass-enclosures and trichites. 

Basalt Lavas. 

These are numerous, and are apparently homogeneous, black, 
slag-like masses, showing a striking contrast to the previously 
mentioned, dark-groy, porphyritic varieties, although the essential 
components are similar. 

The typical one is the Omuroyama lava. It is microporphyritic, 
containing plagioclase, olivine, and a few augite crystals in the 
ground-mass. The olivine is fresh but ill-defined; its periphery 
has a granulated appearance and a deep brown colour, due to the 
corrosive action of the once fluid magma. The crystals are free 
from glass- and liquid-enclosures. Magnetite is rare, being contained 
potentially in the brown glass-basis ; the latter is full of globulites, 
and is partly devitrified into radially fibrous concentric bodies 
(felsosphaerites), wbicli transmit a faint light, like that in the 
anamesite from 8teinheim in Germany^. The rock contains 
56*31 per cent, of silica. In this lava, augite is the predominant 
constituent, and the inters titial spaces of the augite crj^stals are 
filled up with the brown 1 1 •bulitically devitrified glass-basis. The 
large augites are entirely composed of augite-microliths, which have 
been mechanically disturbed during the overflow of the lava from 
the volcanic funnel, so that these microlitli aggregations assume 
fan-shaped or imperfectly radial forms. The felspar also contains 
large brown glass-enclosures with fixed bubbles. All of these 
conditions recur in every lava of the ])roviiKe of I/u, and serve 
to distinguish these rocks from doIeriUss. The olivine in the 
lavas is almost colourless, with a faint blue tinge, while in the 
dolerites it is greenish y(?liow. The specimens from Omuroyama, 
Mimuroyama, and Itaru, are essentially the same as those before 
mentioned. 

The pores in these lavas are round or oval, and walled by a deep 
brown glass-magma, which, in turn, is lined by a faintly coloured 
glass, which is not complotcdy isotiopic, owing to the strong tension 
to which it has been subjected at the moment of its solidification. 
By subsequent sudden bursting (“ Spratzvorgang” of Beyer), during 
the cooling of lavas, these peculiar forms arc disturbed. A perfect 
one is seldom seen in a microsco})ic section, being usually broken in 
the process of slicing. That the imj)risoned gas-pores must have 
been suddenly burst open, is evident from the fact that the felspar- 
microliths have been broken at one end, where they come in contact 
with the margins of the burst bubbles. 

The last of these rocks to he described is a glassy one from the 
Mount Amagi (Omigutsi). It is an obsidian containing 74*327 per 


* Zirkel, ‘ BasaltgcBieine,’ p. 14f>. 
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coot, of silica. Tlie external appearance is black, homogeneous, 
translucent at the edge, and it possesses a conchoidal fracture. The 
microporphyritic ingredients are plagioclase, augite, and naagnetite, 
the latter in octahedra. The asymmetric felspar contains abundant 
air-cavities and brovrn glass-enclosures. The augite occurs in well- 
developed ciTstals, and tlirough the transparent glass-mass the 
crystallogra])hic fuc(‘s are distinctly visible. It occurs in the com- 
bination of Qo P Gc, :/j ^ Qc -f- P oc, P, oc P. Tlie augite has a deep 
brown colour and is pleochroic and free from foreign interpositions. 
In the microscopic section many felsos])haTites arc present, bordered 
at their circumference by an anisotropic colourless substauco. The 
glass-mass contains microliths with sharply ])ointed terminations 
(augite?;, and tlicHe denote a microtluctiiation-striicture in the 
glassy paste. 


APJ’KNDIX. 

Pitn-TiatTiAJiT liocKs. 

Granites. 

The granite from Kinpozon, in the province of Ivai, is a finely 
granular and uniformly crystalline rock, and is the matrix of the 
\ newly discovered tetragonal mineral, reinito (Fo\\X),) of Fritsch. 
\nd(T the microseojjo the fcLs])ar presents a fi])Jous or ratlier 
wrinkled ap])earance, although it is not so clear and distinct as in 
some granulites. The fibrous feature has been variously described 
by V. Lasaulx, Zirkcl, Dathe, and Kalkowsky, and lately it has boon 
very fully studied by licckc^'. Under polarized light between 
crossed nicols the felsj^ar mass is seen to contain an interposed 
substance, which in its optical behaviour difiers from that of the 
enclosing fols])ar, and thus causes a peculiar aspect in the latter 
* mineral. Looking more into details, this interposed fol8])ar substance 
has the form of spindles which run parallel to each other. Under 
high powers, the lojiticular bodies are seen to he traversed by many 
ohli(juc fissures in the direction OP., and in these the maximum 
extinction is 18“ with P/M, while in the enclosing felspar it is 0“. 
The extreme minuteness of the interposed substance docs not 
allow an exact measurement, nevertheless the difference in the 
extinction-angles in the two felspars is beyond all doubt. 

The basal section of the felspar mass presents, under polarized 
light, between crossed nicols, the so-called “ eozoonal structure 
caused by the difference in the index of refraction of the enclosing 
and interijosed felspars. Where the basal sections of the chief mass 
could he examined, they were found to extinguish the light, as a 
rule, parallel to the edge P/M ; but this is not always the case. 
Therefore whether the enclosing felspar he orthoclase or microcline 
yet remains to he solved. 

Taking into consideration the optical properties t and general 

* Tsohermak's ‘ MiUliciliuigen,’ iv. j). 107. 

t Tscheruiak'ss ‘ Miltbcihiiigpn,’ iii., M. Schuller, “ Upher die Orieiibrung dor 
Phigioelasc.*’ 
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character above mentioned, it is very probable that the chief mass 
of the felspar may be orthoclase or microcline, and the imbedded 
spindle-shaped bodies a lime-soda-folspar ; and the name microper- 
thite* may fitly be applied to the interlamiriated growth of these 
two sorts of felspars. 

There are other sections of plagioclase in the thin slice, which do 
not contain these interpositions, and which frequently exhibit 
reticulated fissures parallel to oo T go, and oo T oo. Tliese are pro- 
bably sections of microcline. Common orthoclase is also present, 
but requires no special mention. The quartz is the same as in 
common granites ; it contains liquid-enclosures with spontaneously 
moving bubbles ; and since the latter never disajipear by slight 
warming the fluid is probably water. 

The third essential ingredient is biotite. It is found in small 
laminae, of a dark brownish-red colour, and possesses a peculiar 
nacreous lustre. Tlic transverse section exhibits energetic pleochroisin 
varying from pale yellowish brown, through brownish red, to black. 
Mica is not found in great abundance, consequently the rock has a 
light colour. 

Tourmaline occurs in small prisms with indistinct terminations, 
and is intensely pleochroic, parallel to C, grass- or bluish green or 
black, at right angles to the latter deep brownish rod. Another 
accessory ingrediemt is zircon. It occurs in grains or in long 
columnar forms in combinations of P, go P, co P go, and very 
frequently in ditetragoiial pyramids. It is rare to find terminated 
crystals, the majority of them being imperfect or broken at one end. 
Often zircon individuals grow together one upon the other, the 
contact-face being P oo, or P. Some of the columnar crystals are 
broken and faulted. The zircon is light wine-yellow or colourless, 
and poss(\sscs an adamantine lustre. Under j)oiarizcd light between 
crossed nicols it exhibits yellow, violet, and green colours. It ex- 
tinguishes the light paralh'l and at right angles to the chief axis. 
None of the zircon crj^staLs are free from int(^rpositions, the most 
common being transparent needles, which are arranged in a confused 
manner ; but few of them are turbid or o])aquo. The nature of these 
microliths is unknown ; some are found to be negative crystals of 
zircon with two or more bubbles contained in them. 

besides zircon, this granite contains another accessory ingredient, 
a peculiar kind of microliths. These occur in impellucid or, at the 
edge, slightly translucent or semitransparent pyramidal crystals, 
with sharply pointed extremities ; the colour is deep brown. In 
order to isolate them, the granite powder was successively treated 
with HP and when the still undecomposed residue could be 

separated by ThouleUs solution. Eventually a minute quantity of 
these microliths together with zircon was obtained; but there was 
not sufficient material for a chemical analysis. The presence of 
zircon prevents even a qualitative test of these microliths. Viewed 
from above, the outline of these crystals is scjuare, the side view is 


* Becke, htc. rit. 
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an acute rhombic form which extinguishes light parallel to its 
diagonals. The square section becomes dark between crossed nicols, 
and remains so during rotation of the object-table. These minute 
crystals belong therefore to the tetragonal system. Erom the 
crystallographic form, the indifferent action of HF and other mineral 
acids, and the high specific gravity, they may be anatasc. The 
crystal faces are not smooth, but possess a granulated appearance, and 
have a metallic adamantine lustre. 

The plagioclase in the granite from Tamadare, Hitatsi, is mostly 
decomposed, and is there in great part replaced by a pseudophitic 
decomposition-product.. Tliis secondaiy mineral occurs in undulating 
scales, which have a fibrous structure. Tlie scales are, as a rule, so 
arranged that they mak(} an inclined angle with the traces of the 
twin lamella} of the plagioclase ])ortions, which (traces) arc still 
recognizable in some of the unaltered j)arts. The biotitc is also not 
fresh, the nnii'gin from which the decomposition begins, becoming 
green in colour : and the final result is the ])roduction of colourless, 
non-pleochroic, wavy scales (sericite?). The latter could not be 
distinguished from the ])seudoi)hitic substance in the plagioclase. 
The ei:tinction is ])a?*allel and at right angles 1o the folds of the 
scales. Ihe altered biotitc encloses tufts of yellow rutile needles, 
which show the sagenite arrangement. 

The rock from Konaka, Hitatsi, contains idagioclase of wTiich the 
outer zone includes some quartz, which by its disposition gives rise 
to a micropegmatitic structure. 

Eesides zircon and rutile, titanite is also present ; the latter has 
brownish-yellow sections with a rather rough surface, feeble ])ellu- 
cidity, and generally sharp cuneiform outlines. It shows fine 
striations in the shorter diagonal, in the direction parallel to the 
orthn])ina,coid or one of tlie orihodomes. 

The (jiiartz in the tourmaline-granite from Sai-Mura, Hitatsi, 
contains enclosures ot liquid carbonic aciid. Some inclusions have a 
hexagonal form, and are of a tolerably largo size (0*015 millim.). 
The bubbles disappear by a slight ajqdication of heat. 

Quartz 'MICA Hiorite. 

Ihe rock from Kamagawa, Hai, is coarse-grained, having a 
granitic appearance and consisting essentially of quartz, plagioclase, 
hornblende, and biotitc, all e(]ually well develojjed and visible without 
a lens. The plagioclase is found in coarse grains, extremely well 
striated and fresh, poor in microscopic interjjositions, rich in liquid 
lacunm. Uesides the twin lainelhe of the albite ty])e, twinning also 
occurs in the direction of the macropinacoid, making "with the first 
an angle of 80°~87''. The maximum extinction makes with 

the twin lamellm parallel to cx) P oo . The hornblende forms large 
plates, and its pleochroism is very distinct. 

^ C = deep blackish-green, B=dcep olive-green. A = oil-yellow. 
The hornblende and biotite have grown together in a peculiar 
manner, so that a section of the green hornblende shows layers of 
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the intercalated brown biotite, and inversely, the brown-mica 
lamella) contain hornblende individuals, indicating that they have 
crystallized at the same time. 

Quartz is found in grains which are as well developed as those of 
the plagioclase. They are rich in foreign enclosures and full of 
li(piid-lacunsD. The quartz also contains hornblende microliths, 
apatite needles, and •numerous black ‘‘ hairs,*’ like the quartz in 
some tonalites of Southern Tyrol. These “hairs” in the quartz 
api)ear, under low powers, to be totally opaque ; but high powers 
resolve them into light bluish-green pellucid thin plates. The 
extinction-direction of these plates is parallel to the longest side, and 
is They probably belong to the atnphibolo group, and 

certainly cannot be idtmtified with rutile, to which mineral these 
microliths have often been referred. Analogous interpositions are 
said to occur in the quartzite from Jluniboldt Mountain, Nevada*.' 

The biotite is found in large lobes Laving a p(‘culiar ])early lustre. 
Apatite and the colourless microliths are Ibund as interpositions 
in it. Zircon foinis an accessory ingredient. It occurs in grains 
or in four-sided prisms with pyrairiids ; the C(;lour is yellow, the 
refraction is very strong. {Sections disjday brilliajit chromatic 
polarization. Tourmaline occurs in long needles, the plcochroism 
being very intense, lo dark green, e deep brown. 

1 llOKITE-PORPHYRITE. 

ilioresveavf, Kozvlcc province. 

This is a dirty-gree]i rock. Viewed under the microscope, it 
bears a striking resemblance to that of rotschapel, near Dresden, 
riagioclase and orthoclase are present in nearly equal quantity ; 
the extinction-direction in the pdagioclase makes an angle of 5°-8® 
with the twin Inmclhe. Doth of these felspars contain numerous 
empty cavities arranged in zones, in which the process of decomposi- 
tion hrst begins. AVhen the alteration is far advanced, the interior 
is entirely filled with colourless, som(‘what fibrous scales, which, 
between crossed nicols, display’ intense aggregate polarization-colours. 
This substance is very like the pseudopiiito from J’laberi, near Dud- 
weis, Dohemiat. 

The hornblende is decomposed into viridite or, in other instances, 
filled with minerals of the carbonate group. The borders of the 
hornblende crystals consist of opacite together with cpidote grains ; 
and these aie so arranged as to preserve the original contours of 
the hornblende crystals. The basal sections show the characteristic 
four- or six-sided figures. The longitudinal section is accompanied 
by linear aggregates of opacite. Large magnetite octahedra or 
grains are s]>()radical]y distributed in the rock. The rest of the 
rock mass is apparently a grey homogeneous ground-mass, which, 
between crossed nicols, transmits a feeble light and consists of 

* Zirkel, ‘ Mici'oscopical Petrogruphy of the 40th Parallel,’ p. 2,"). 
t Described by R. v. Drasebe, ‘ Alin. Mittheilungen.’ 1873, p. 25. 
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white grains or fibres which blend into one another, constituting a 
micro-felsitic matter. 


Diabase. 


Hinazuru pass, Kai province. 


This typical diabase is a green finely granular crystalline rock, 
essentially consisting of clinotomous felspar (0*2 millim.), augite, 
ilmenite, and chloritic matter. Under the microscope the plagioclase, 
as is usual in diabase, is partially decomposed and is traversed by 
many oblique cracks, which are filled up with a green chloritic 
matter, while sometimes it is rich in pseudophitic decomposition- 
products. The extinction -direction of the felspar is with 

the twin lamelhe. Here and there unstriated sections are found, 
which may represent either a plagioclase-brachypinacoid or an 
orthoclase-clinojunacoid ; hut the presence of orthotomous felspar 
could not bo made out with certainty. 


Augite is found as an interstitial mass of grains or crystals 
between the felspar crystals. It may therefore have been cr 5 ' 8 tal- 
lized out after the felspar. The rock conse(iuently has the 80 -call(‘d 
diahasic (jrannlar strnctare. No well-developed augites are visible. 
The zigzag outlines of the augite are due to its occurrence between 
the felsjjar crystals. No trace of plcochroism is discernible. 

Next in importance is the chloritic matter. It is green, yellow, 
brown, and always fibi*ous. In some portions the fibres are parallel, 
in others confused. Intermixed with the chloritic matter, we find 
many black grains with a grey decomposition-product (leucoxene) ; 
the black grains are most likely ilmenite. Apatite is wanting. 


The following is the analysis of this rock : 


SiO, 

50*22 

Al.,(), 

10*41 


8*15 

(!a() 

10-2() 

MgO 

7-14 


:3*84 

K,0 

1*20 

;nition 

MO 


101 •2(5 


Discussion. 

The President, in speaking of the value of the paper, said that 
he had seen crystals of hornblende bordered by augite like those 
described by the author. 

Mr. Teall remarked on the great value of the paper. The 
author’s observations on the pleochroic pyroxene tended to confirm 
those made by Dr. Oebbeke on some rocks from the Philippine 
Islands. They did not, however, affect the existence of an im- 
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portant group of andesites in which a rhombic pyroxene occurred as 
the predominating bi silicate. Mr. Whitman Cross and others had 
not relied on pleochroism as a means of distinguishing the rhombic 
pyroxene, but on the fact that the majority of the longitudinal 
sections, irrespective of pleochroism, gave straight extinction. The 
mineral in question had also been isolated and examined, both chemi- 
cally and optically, by MM. W. Cross, Iddings, Petersen, and himself, 
with results that clearly proved it to be a mineral of the hyper- 
sthene type. The existence of triclinic angite in association with 
this pyroxene had been practically given up by the author. 

Mr. Eutley also commented on the value of the paper, and the 
interest attaching to the hornblende crystals partly converted into 
augite. 
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32. On the Serpentine and associated Eochs o/Porttialla Cove. 

By J. H. Collins, Esq., F.G.S. (Head January 28, 1884.) 

I'litroductlon. 

These rocks were briefly described by me in a paper communicated 
to the lloyal Geologjical Societj- ofCorrnvall, in the year 1878 as 
“ much-contorted strata of slaty f^reen and red serpentine and 
hornblende rocks in numerous alternations, all, however, having a 
strike to the N.N.E.” 

In the same ])aper I stated my belief that the whole series con- 
sisted of “ highly altered Lower Silurian stratified rocks.’- 

The Cove has been more recently visited by Prof. Bonney, and 
his remarks thereon were published in the Ciuarterly Journal 
of the Geological Society for February 1888. A brief reference is 
therein made to my paper, and the Professor considers that I have 
“ completely mistaken the relations of the rocks to each other ”t. 
T am glad therefore to be permitted to bring my views on this 
subject under the notice of the Society in sufficient detail to enable 
me to justify the opinions so distinctly controverted, so far at least 
as to show that the hornblende schist, serpentine, and other rocks 
described are distinctly interstratifiod, and that there is a real 
“ passage ” from one to the other. 1 am more especially glad of 
this opportunity, because the real question at issue is that of the 
origin of certain masses of serpentine rock, than which there are 
few more interesting or more important in the whole range of 
chemical geology. With much of what Prof. Bonney has written 
concerning the rocks of the lizard district I very cordially agree, and 
I can from personal observation corroborate wliat he saj^s as regards 
the prcwsent condition of tlie rocks ; but when he goes on to say 
(Zoc. r/7. p. 16), “There is no appearance ivhafevtr oi a * passage ’ 
(t. e, of the hornblende schist) into the serpentine,” I think that he is 
entirely wrong, and that the rock specimens which accompany this 
paper will suffice to show that ho is soj. To me they seem veritable 
“ passage ” specimens, and similar ones may be collected by hundreds 
on the beach at low water. 

Stratlejrajtliy of the Porihalla Eocks, 

The following distinct succession of different kinds of rock is 
observable within a space of little more than a hundred yards at the 

* Trans. Roy. GeoL Soc. Cortiw. vol. ix. 

t The Professor continues “ and not to add any thing to the work of De la 
Beche, which he cnticisesy 1 hope it will never be thouglit improper for a 
local geologist well acquainted with a particular district to criticise the published 
statements of previous writers. In the particular case referred to, however, I 
have merely referred to the criticisms of other geologists on the views of Sir H. De 
la Beche, and intimated my concurrence with the very opposite ideas entertained 
by Prof. Sedgwick, Mr. W. J. Henwood, and Mr. Budge. 

} These specimens are described in detail further on. 



ASSOCIATED ROCKS OF PORTHALLA COVE. 4oy 

place referred to by the Professor and myself, a little to the east of 
the Cove : — 

1. Crumpled shales and slates, sometimes containing veins and 
1m vers of quartz and flakes of mica. 

2. Greenish slates of a talcose appearance. 

»‘3. Soft red shaly mudstones. 

4. Red and green hnnds of serpentine, often passing into 

5. Hornblende schist of the type characterizing the locality 
(“ Pralla” or “ Porthalla stone”). 

0. Pinkish or greyish granulite. 

Of these rocks, No. 2 with No. appear to represent Professor 
Ronney’s “Micaceous group of the Archman series,” and No. 5 the 
hornblende group ; No. 1 belongs to a different and much younger 
series ; and No. 4, the serpentine, he regards as intrusive. I will 
now proceed to give my account of these rocks. 

The slates and shales, as also the serpentine and hornblende schist, 
appear to me distinctly interstratified, the granulite as distinctly 
intrusive. The whole region seems to have been dislocated by 
numerous faults of at least two distinct periods, previous to which 
faulting it had been crumpled and contorted into numerous flexures, 
great and small. 

The mutual relations of the rocks can only be seen by scrambling 
over the fallen masses at low water, or by struggling up over the 
broken cliffs, and even then only imperfectly. The coast is strewn 
for some distance with magnificent blocks of green serpentine, 
mostly of the kind represented by specimen C. Those blocks are the 
purest in colour and the most solid of all the serpentines 1 have ever 
seen. They are mingled with great masses of the granulite which 
have fallen from above, and with numerous fragments of the 
hornblende schist. This rocky debris is present in such great 
quantity as to completely cover the foreshore in places, so as to hide 
the stratification to a considerable extent ; but it is constantly being 
moved about by the waves, so that my repeated visits have afforded 
many opportunities of verifying the statements made above. These 
repeated visits have forced me to the conclusion that the whole of 
the rock series to the east of the fault mentioned by Prof. Ronney 
consists of stratified rocks altered in situ by a kind of selective 
metamorphism, as indicated by Sedgwick and insisted upon by 
Henwood and Budge (Trans. Roy. Geol. Soc. Comw.), and not of 
stratified rocks traversed and disturbed by intrusive masses of 
serpentine, as supposed by Sir H. He la Beche, and now very strongly 
urged by Prof. Bonney. 

I have represented upon the accompanying sketch map (fig. 1) what • 
appear to me to be the main features of the coast geology from Nellyas 
Cove to Porthoustoe, including, of course, the special points in dispute. 
At Nelly’s Cove (called Betsy’s Cove by He la Beche), the rocks dip 
very steeply to the E.S.E. ; they consist for the most part of dark 
shales, sometimes pyritous, and containing well-rounded pebbles of 
some still older fine-grained rock. There are a few bands of black 
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Fig. 1. — Shetch-Map of the Porihalla Dhtrict, 
(Scale inch to 1 mile.) 



limestone exactly resembling those of Gernons Bay, and containing, 
in places, portions having an organic~like stnieture, the nature of 
which has not yet been determined ; like the Geriiens Bay limestones, 
they also contain minute fragments of Crinoids 

These !N"ell)^’8 Cove rocks are, in my opinion, certainly Lower 
Silurian, as are also the (juartzites at the top of the hill (at Penare 
Farm a little to the which were described by me in the 

paper already referred to as containing Lower Silurian fossils t. 

Proceeding southwards from Nellyas Cove towards Porthalla, 
we soon reach some very siliceous conglomerates containing fragments 
of a rock which, both raacroscopically and microscopically, resembles, 
and is in fact identical with, the “ granulitic rock ” of Porthalla. 
These beds seem to dip at low angles to the S.S.E., as shown in the 
map. They are succeeded by soft dark schists having nearly the 
same strike and dip, only a little more to the southward, which 
form low cliffs on both sides of Porthalla Cove. On the east side 
of the rivulet they extend up to the first fault, gradually, however, 

* I believe that the specimen No. 733 collected by Dr. Boase “ from 
Porthalla,” which is now in tht Museum of the Royal Geological Society of 
Cornwall, and which contains portions of an Orthoceras and other organisms, 
came from here (only half a mile from Porthalla), and not actually from the 
village or cove proper. I have searched there very narrowly without being able 
to find any limestone whatever, 
t Trans. Roy. Geol. Soc. Oomw. vol. ix. (read Nov. 1879). 
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becoming more siliceous. All 
these beds I regard as newer 
than the rocks of Nelly’s Cove 
and those immediately to be 
described, both the latter hav- 
ing a more considerable dip to 
the S.E. or E.S.E. They have 
probably been let down by a 
pair of faults. 

We now come to the tract 
which forms the main subject 
of this paper, extending east- 
ward from the fault ” to Mr. 
Hickes’s quarry, about ^ of a 
mile in all. This is illustrated 
in sections figs. 2 and 3. Those 
rocks are considered by Prof. 
Bonney to represent the Ar- 
chfcan” metamorphic series of 
the Lizard Head, which he di- 
vides into three groups, as 
under : — 

The micaceous or lower 
group. 

The hornblendic or mid- 
dle group, 

The granulitic or upper 
group. 

He thinks he can identify 
hero the “ micaceous ” group, 
containing in its upper part a 
stratum of granulite similar in 
character to the upper group, 
and also the middle or “ horn- 
blende ” series, in which occurs 
the serpentine. This latter, 
he maintains, is decidedly in- 
trusive. 

Thus Prof. Bonney considers 
that two out of the three sub- 
divisions of his Lizard Archaean 
series are represented hero. To 
me the evidence seems all the 
other way. In the first place 
the rocks are very distinct, both 
chemically and mineralogically, 
as I shall show hereafter ; of 
much greater importance, how- 
ever, is the difierence of strike, 
Q.J.G.S, No. 159. 
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Fig. 2 . — Section of Cliffs near Porthalla, looJcing south. (Scale 16 inches *=1 mile.) 



Fig. ^.—Section {partly ideal) from Penera Head to Porihalla. (Scale 6 mcheB<sl mfle.) 
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The general strike -of the Lizard rocks referred to 
is a few degrees to the north of west, the prevail- 
ing dips being to the east of north. At Porthalla, 
on the contrary, the general strike is to the east 
of north, L e. as nearly as possible at right angles 
to the direction of the Lizard rocks. 

The band of granulite in the ^‘micaceous group, 
which appears to Prof. Ponney to be a conform- 
able bed of that series formed under similar con- 
ditions to the grannlitic group of the Lizard, 
seems to me to be distinctly unconformablc, and 
to have the character of an intrusive vein pene- 
trating the “talcose” schists, as indicated in 
sections figs. 2 and 3. I believe, in short, that the 
Lizard rocks may be Archman, but that those of 
Porthalla are of much later origin and most pro- 
bably Lower Silurian. 

The rocks beyond Hickes’s quarry offer no 
special feature of interest. As already stated, 
they consist mainly of hornblende schist of the 
banded t 5 q)e interspersed with occasional bands 
of serpentine, the largest exposures of which 
latter are in the broken ground which succeeds 
the fault at Porthalla and in the little cove to the 
south of l^olkcrris. In the section fig. 3 I give an 
ideal rc 2 >re 8 entation of the country from Porth- 
alla to Penera Head, on a line which passes a 
little to the south of this cove. This section is 
given as the result of a careful examination of the 
country on several different occasions. It is, of 
course, partly hypothetical ; but I believe it is in 
the main correct. 

Veins of Gahhro. 

These I have not yet seen in a perfectly satis- 
factory manner ; but there are several bands of 
what I believe to be gabbro traversing the schist 
between the quarry and Hranna Point. 1 have 
examined the cliffs on several occasions, with the 
view of ascertaining the true nature of these 
veins ; but the swell has always prevented me 
from taking the boat close up to the rocks. I 
have, however, repeatedly found on the shore, 
close to the quarry, loose masses of the schist, trar 
veiled by veins of undoubted gabbro. In appear- 
ance the gabbro does not seem to differ at all 
from the “ Newer gabbro of Coverack described 
by Prof. Bonney. 
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Detailed Description of the various RocJcs. 

I will now proceed to describe in somewhat more detail the more 
important of the various rocks as they succeed each other. 

I have made analyses of nearly ail the rocks referred to, and also 
prepared sections for microscopic examination. As regards their 
minute structure, I have little to add to the published descriptions of 
Prof. Bonney, except to remark that the serpentine differs extremely 
from that of Coverack and Cadgwith, and seems to me to be entirely 
destitute of any indication of the former existence of olivine. 

The Slate . — This is the rock which forms both sides of the Cove, 
and through which the rivulet makes its way. On the north side 
it consists mainly of dark brown to black shales or mudstones, 
sometimes traversed by thin veins of calcite and others of oxide of 
iron. On the south or, rather, east side of the Cove, those rocks form 
low cliffs, generally pretty hard from the presence of innumerable 
veins of kernels of quartz, and occasionally spangled with minute 
shining plates of mica, especially near the faults to be referred to 
hereafter. As already stated, the dip of these beds is to the S.S.E., 
increasing from about 10° on the north side of the Cove to 50° or 
more on the east side near the fault. The strike differs but little 
from that of the “ Ladock beds,’^ which I consider to be Lower 
Devonian ; and it is quite possible that those beds are of the same 
age. At any rate I agree with Professor Bonney in thinking them 
newer than the rocks on 1 ■ east side of the fault. 

The slates are traversed by a ferruginous fault or lode, which runs 
somewhat to the soutli of cast, and dips to the 'west of south about 
()0°, as indicated on the accompanying map (fig. 1). This lode comes 
out on the shore in a little cove about 180 yards to the eastward 
of the Porthalla rivulet-. It contains some concretionary masses of 
siliceous brown haematite, and has yielded a few minute crystals and 
grains of ilmenito In some places this lode-fissure has followed a 
“ line of least resistance ’’ between the “ granulite and the rock 
which it traverses. The lode may be followed along the shore near 
high-water maik for about iiO or 30 ])aces, the slate in its vicinity 
being very highly charged with siliceous matter, and very often 
exhibiting a brec-ciated appearance. It is then traversed “and 
heaved ” by a fault running about N.E., and dipjung very steeply to 
the south of east. At this point the lode contains very little oxide of 
iron ; it is about 22 feet wide, as measured upon the beach, or per- 
haps a little moi’e. The slates here are much contorted, that is, in 
the immediate neighbourhood of the fault. 

Another fixult, a])parently jjarallel to that just referred to, and 
thus pretty nearly running in the strike of the rocks, exists a little 
further on. This may perhaps bo jissumed as the principal cause of 
the shattered condition of the rocks in the little cove immediately 
succeeding the “ heave ” above mentioned. It is no doubt “ the 

* The first and almost the only crystals of ilmenite which I have ever met 
with in Cornwall were sent me by Mr. Ilow'ard Fox, some twelve years ago, and 
came from this very lode at the point referred to above. 

2 I 2 
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fault referred to by Prof. Bonney as bringing up tbe rocks of the 
** Archffian Series ’’ against the much newer slates, but which, ^ I 
think more probable, brings up the highly altered Lower Silurians 
against the equivalents of the “ Ladock beds,’’ which are, as stated, 
probably Lower Devonian. 

“ Talcose ” Slates (Micaceous group of the Archaean series of Prof. 
Bonney). — In the immediate neighbourhood of the shattered rocks 
in the cove just referred to, may be seen a mass of greenish or 
brownish shales, very soft and apparently talcose, dipping steeply 
to the S.E. I say “ apparently ” talcose, because the greasy-feeling 
mineral is certainly not talc, the analyses showing that there is very 
little magnesia present. A little further on, as the serpentine is 
neared, these greenish and brownish shales pass into very soft red 
shales and mudstones, the change being evidently due to the peroxi- 
dation of the iron present. The following are analyses of the Porth- 
alla rock, and of tlio Lizard rock which is supposed to be its 
equivalent. I have selected both specimens as being as far as 
possible typical in their respective localities : — 

Porfhalla. 

Water lost in desiccator ... 01 5 | 

„ at lOO^C 0 00 I 2-80 

„ on ignition 2 05 J 

Silica 5810 

Alumina 21 '33 

Ferrous oxide 8*30 1 

Ferric oxide 2'IOJ 

Manganous oxide 

Lime 072 

Magnesia 115 

Potash (with traces of soda) 4'60 

9910 99-96 

Sp. gravity 2*77 2*612 

It is obvious that these rocks are essentially different, whether 
they be of the same geological age or not. 

I7ie Gneiss or Granulite . — In the upper part of the cliffs imme- 
diately to the east of the first fault, and extending as far as the 
broken ground which follows the second fault and somewhat obscures 
the first appearance of the serpentine, is a band or vein of granulitic 
rock (see specimen N). It consists essentially of nearly white 
quartz, pale pinkish soda-felspar, and a very little brown mica. 
Prof. Bonney regards this rock as a conformable bed of his micaceous 
series ; but I must say it appeared to me much more like an intrusive 
vein, not coincident either in bedding or strike with either of the 
other rocks. It is not very easy to get up to this rock in the cliff 
face, but specimens are easily obtainable from the great blocks 
which strew the shore. I believe it is the same rock which occurs 
in large partially rounded masses in the conglomerate between 
Porthalla and Nelly’s Cove ; at any rate they are identical in appear- 
ance, both macroscopically and microscopically. They agree also in 
chemical composition, as will appear from the following analyses : — 


Lizard. 


010 j 

. 0-85 

0-75 J 

81-70 

10-40 


304 


trace. 

0'40 

0-70 

1-33 

1-54 
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Water lost at 100° C. 0*06 
„ on ignition 1*80 


Oxides of iron 
Lime 


Sp. gravity., 


: near Fault. 

Bock from Conglo- 
merate to N. of Cove. 

} 1*86 

1-60 

^ 74*90 

72*95 

10-20 

11*50 

4*94 

5*15 

1*12 

1*62 

0*72 

0*31 

) 507 

5*41 

1*19 

1*46 

100*00 

100-00 

2*681 

2-69 


The high percentage of soda (5 per cent.) in these rocks is some- 
what remarkable, considering the very moderate proportions of 
alumina and lime. Nevertheless the ‘“felspar” constituent, which 
is by much the more abundant, appears to be of the same kind that 
characterizes the hornblende schist of Porthalla. The rather high 
specific gravity and the almost total absence of “ striping ” in the 
microscopic sections of this rock, when viewed by polarized light, 
tell the same talc. 

The Serpentine , — At a point about 60 or 70 yards to the east of 
the first fault, and succeeding the broken ground which marks the 
position of the second or great fault (fig. 4), is the first appearance 

Fig. 4 . — Enlarged Plan of Brohen ground’^ huar Porthalla Cove, 
(Scale ji/o-ff-) 



A. Hornblende schist (No. 5). 

B. Serpentine (No. 4). 

0. Bed and green shales and mudstones (No. 3), 

D. Micaceous or “ taloose ” schists (No. 2). 

E. Porthalla slates (No. 1). 
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of what appears to me to be a thin bed of mterstratified serpentine. 
This lies between beds of the soft red decomposed shale just referred 
to, and after a few yards is succeeded by a much thicker bed. This 
second bed contains in its upper part thin bauds of the hornblende 
schist, some of them exhibiting a perfect passage from one rock to 
the other. Succeeding this bed of serpentine, whicli ivS perhaps 
40 feet thick, is a very thick mass of hornblende schist. All the beds 
at first di]) sharply to the south of cast, and afterwards they exhibit 
the great flexures shou n in the sections, in addition to many minor 
curves. [I’he whole scries appears to mo to be interbedded, each 
rock following closely the flexures of the other. The succession of 
the beds is best seen at and below high-water mark, as the cliffs 
hereabout are cxtremtdy ruinous, being traversed by numerous joints 
and minor faults. Tlie joints are frequently lined with minute 
crystals of ilnicnite or with crusts of calcite, and the little fissures 
arc fre(]uently filled with asbestos, calcite, or aragonite. Chemical 
action is still going on liere to a considerable extent. 

The great bed of serpentine is for the most part dark greyish- 
green, a few only of the bands being red. Many have a rich oil- 
green tint, otluTs a granulated appearance, reticulated with thin 
bands of dark green. 

Hornhlende — The hornblende schist of Porthalla is a very 

peculiar rock indeed. It is v('ry little fissile, the schistose structure 
being limited to a series of alt(n*nations of dark and light bands of 
its constituent minerals. These arc as follows : — 

(a) A dark green hornblendic substance of very indistinctly crys- 
talline app(!aranco, and which differs o])tica]ly in a very marked 
degree from tho ordinary liornblende of tin; Lizard rocks, especially 
in the absence of dichroism and of cleavage. 

(h) A pale grey or cream-coloured unclenvable ‘‘ felspar of the 
kind known as saussurite, which has very little eflect on polarized 
light, and which also exists in very undefined forms. In both 
these minerals there is a remarkable vagueness of outline, such as we 
might expect would result if tho whole mass had been in a state of 
semi-fusion. The beat resulting from enormous local pressure such 
as these rocks have certainly been subjected to, would quite account 
for this indistinctness of outline in the constituent minerals. 

The rock of course varies in comjjosition as a whole according to 
the predominance of the dark green “ hornblende ” or the creamy 
white “ felspar analyses showing the composition of the rock as a 
whole, and of each constituent separately, are given later on (p, 408). 

At a distance of about a third of a mile from tho Cove, tho large 
quarry in massive hornblende schist known as Hickes’s can be 
reached along the shore at low water. Ileds of serpentine alternating 
with the hornblende schist can he traced nearly up to this point, and 
partaking of all the plications and contortions of this latter rock. On 
reaching the quarry, however, the strata seem to be nearly vertical ; 
the serpentine plunges suddenly downward, and is seen no more for 
a considerable distance. 

From here to Dranna Point tho coast section can only ho 
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examined from a boat. There are several small coves or “ zawns,” 
excavated by the waves in the steeply inclined beds of serpentine for 
the most part, the projecting points and headlands being composed 
of the harder hornblende schist. In all there are, I think, five 
distinct bands of serpentine visible between the quarry and Dranna 
Point. 

Analyses of the Serpentine , — The following Table shows the chief 
variations in composition of the serpentines of Porthalla. I add for 
comparison Mr. Iludleston’s analysis of the black serpentine from 
Cadgwith (Q. J. G. S. vol. xxxiii. p. 925), from which it will be seen 
that there is no essential difference from a chemical point of view, 
whatever may be said as to their diversity of origin, and much as 
they differ microscopically^. 



a. 

h. 

c. 

d. 

e. 

Water lost at 1(K)°C ] 

l 12-82 

f ()*4r> 

0*55 

1*85 ■ 

j. 12-35 

„ on ignition J 

L 13-70 

12*00 

8*{)9 

Silica and insolublo 

j. 38-fiO 

37*15 

39-50 

43-35 i 

f 38-50 
[ 1-37 

Alumina 

010 

5*00 

5-08 

4-08 

1*02 

Ferrous oxide ] 

Ferric oxide J 

[ 11-55 1 

' 8*80 \ 
1-lOJ 

8-12 

10-74 1 

^ 4*00 

3*31 

Lime 

trace 

0*10 

trace 

1*51 

1*97 

Magnesin 


3280 

34*()5 

28-43 

36*40 

Ferric sulphide 





0*41 

Nickel oxide 

Alkalies and loss 

3-81 

0*29 

0-10 

1-35 

0*59 


ICHl-OO l(K)-00 

100*00 

100*00 

100*58 

Sp. gravity 

205 

2*50 

2-545 

2044 



There is notliing very remarkable about these results considered 
as analyses of rock-masses of serpentine. The first is somewhat 
more than usually charged with magnetic oxide of iron, of which 
many crystals are visible under the lens ; while the second, third, 
and fourth contain unusually largo amounts of alumina, traces, as I 
believe, of the original composition of the rock whose alteration has 
resulted in the production of the serpentine. The granular structure, 
I believe, tells the same talc. 

Analyses of the Jlornhiende Schist , — Of course this rock varies 
greatly in composition according to the predominance of one or 
other of its chief constituents. Analyses are here given of a speci- 
men of medium appearance (a), to which I have added for com- 
parison analyses of the hornblende schist of the “ Lizard and of 
Pradanack, by myself and Mr. Hudleston respectively (6, c). 
Under d I give an analysis of the hornblendic constituent of the 
Porthalla rock, and under e of the felspathic constituent, each having 
been separated as carefully as possible before analysis. In / 1 have 
shown what would be the composition of a rock consisting of equal 

* a is greyish-green and granular ; If dark oil-green ; c reddish-brown and 
granular ; d dull dark red, all from Porthalla ; e is from Cadgwith. 
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parts of cl and e. It will be seen that this last column does not 
differ very widely from the composition given for the whole rock 
under a. 


fl. h 


Wateriest at 100° C .. 

0-481 

[ 1-30 

„ by ignition.. 

3*40 J 

Silica 

.. 45-43 

47-40 

Alumina 

. 19-93 

19-30 

Ferrous oxide 

. 3-981 

K 11-40 

Ferric oxide 

. 5-00 J 

Lime 

. 11-98 

11-80 

Magnesia 

. 9*34 

7*75 

Alkalies and loss 

. 

1-05 


100-20 

lOC-00 


c. 

d. 

e. 

/. 

1-50 

f 0-51 

1 3-20 

0-10 1 
J-5t> 1 

2-09 

52-20 

44-01 

43- 10^ 

43-58 

12-10 

1 1-95 

2S-50 

20-22 

' 9-81 
2-90 

2 841 
8-58 / 

4-50 

7-9(> 

■ 12 20 

10-51 

17-08 

13-79 

7-17 

1(M5 

2-84 

950 

1-17 

2-25 

1-50 

1-80 

99-05 

100-00 

99-18 

99-00 


The composition of the hornhlendic constituent of this rock (d) is 
very nearly that of many pargasites, except that tbo proportion of 
peroxide of iron exceeds that of the protoxide. It has, however, 
none of the optical properties of pargasite, as it exhibits no distinct 
form or cleavage, cither macroscopic or microscopic. 

The fe]sj)athio constituent (^) is remarkably rich in lime, and also 
contains a good proportion of soda. Under the microscope it in- 
variably shows the well-known clouded appearance indicative of 
incipient decomposition (kaolinization). To this very general inci- 
pient decomposition the low percentage of alkalies is probably due. 
The coloured bands regarded as characteristic of plagioclasc are only 
visible in a very few places, and never very distinctly, llegarding 
the peroxide of iron present as replacing alumina, and the magnesia 
as taking the place of lime (cxce])t the minute proportion due to a 
slight admixture of the hornhlendic constituent), the composition 
given in analysis {e) agrees pretty well with that required for 
anorthite according to the typical formula adopted by Dana, w’hich 
requires — 


Silica 43*1 

Alumina 3G*9 

Lime 20*0 


100-0 

Even as it stands, the analysis is very near that of the anorthite 
from Neurode, analyzed by Strong and quoted by Dana under that 
mineral (no. 19) in his ‘System.’ It is the same “fels]>ar” that 
described by Prof. Ponney and analyzed by Mr. lludleston 
(Q.J.G.S. vol. xxxiii. pp. 895-927). It appears to be character- 
istic of several of the rocks of the Lizard peninsula. 

Descrij^tion of the Rock specimens sent in illustration of the 
Faper,^h.n examination of the specimens exhibited in illustration 
of this paper will, I think, afford important information as to the 
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manner in which these rocks have arrived at their present con- 
dition. 

Specimen A. — A confusedly crystalline aggregate of dark green 
“ hornblende ” and light pinkish-grey and almost unclcavablo 
“ felspar ’’ (saussurito), the latter forming, perhaps, 75 per cent, of 
the whole mass. The indistinctly formed crystals of hornblende aro 
arranged in bands ; but scarcely any tendency to split in the direction 
of these bands is noticeable generall}’, while across them the rock is 
extraordinarily tough. This may be taken as a typical example of 
the peculiar hornblende schist of the neighbourhood of Porthalla. 

Specimen 11. — This is like the former, but contains very much 
more of the hornblendic constituent. The foliation in this specimen 
would not be quite so distinct as in A were it not made more evident 
by the existence of a series of small contortions. 

Specimen C. — A polished block of the rich oil-green serpentine 
characteristic of this locality. It exhibits a very distinct banded 
structure which Prof. Ponney regards as ‘‘ flow-structure/' but 
which I consider to be merely the traces of its former stratification. 
This view is, I think, confirmed by the fact that under the micro- 
scope the bands become less rather than more distinct. 

Specimen P. — This is a partly unaltered hornblende schist of 
the kind resembling B, but traversed on one side by a succes- 
sion of little veins and bands of true serpentine. The serpen- 
tine seems to have been developed on cither side of numerous 
fissures or shrinkage-cracks, which are for the most part coinci- 
dent with what I consider to be traces of the original bedding. 
At one place, four or five of these little strii )08 of serpentine have 
coalesced, so as to form a band nearly one inch wade, from w’hich 
might be cut cubes of that size scarcely diflering in appearance from 
the compact specimen marked C. Between the stripes of serpentine, 
however, the hornblendic and the felspathic materials remain almost 
unchanged, as is rendered evident to the eye by the want of polish 
of their surfaces as compared with the polish of the serpentinous 
portions in the same S 2 >eciinen. Even in these unchanged portions, 
how^ever, if the slabs he viow^ed in certain 2 >ositions, thin threads 
and specks of shining serpentinous substance are plainly visible 
throughout the mass. This specimen alone seems to me quite 
sufficient to prove that the seri)entine here has been developed by 
molecular change from, rather than intruded into, the hornblende 
schist. 

Specimen E. — Is much like 1), but more largely hornblendic. 

Specimens E, G, H. — Are similar, but mainly serpentine, the pro- 
gress of the transformation being indicated by the reticulated bands 
and lines of darker colour. 

None of the specimens D to H presenting an intermingling of 
hornblendic, felspathic, and serpentinous substance have been thought 
worthy of analysis, owing to their very heterogeneity ; but it is cer- 
tain that by careful selection of pieces a series of analyses could be 
obtained, giving every variation of composition between hornblende 
schist and pure serpentine. 
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Conclusion. 

In concluding these brief notes, I would repeat, to prevent misap- 
prehension, that while I do not deny that in some instances, even 
in the Lizard district, masses of highly basic and distinctly intrusive 
igneous rocks may have been altered into seri)entine, yet, in this case, 
the evidence is altogether the other way. Careful examination of 
the cliff-sections afibrds evidence of stratification in the serpentine, 
both on the large and on the small scale, L e. of the 8eri)entinou8 
change of stratified materials hi siUi\ this conclusion is supported 
by the chemical analysis of hand-specimens, as well as by their 
macroscopieal and microscopical appearance ; it is paralleled by what 
Prof. Heddle has described of liis observations in the Hebrides and 
Aberdeenshire ^ ; while his theory, Avhich is modified from that of 
I)r. Sterry Hunt, affords a full exjdanation of the manner of the 
change t. Purthermore, there docs not appear to me to exist any 
reason for referring the numerous contortions which admittedly 
exist in the Porthalia rocks to the introduction of any intrusive 
mass whatever. It seems to me that it is begging the (jnestion to 
state that those contortions are due to the intrusion of tlie serpen- 
tine. Prof. Honney docs not, I believe, attribute the contortions 
to this cause, although 8ir H. Do la licchc clearly did ; for he says 
“We find a mass of serpentine amid the hornblende slate be- 
tween Dranna Point and Porthalia, on the north of the principal 
mass of serpentine, which has every appearance of having been 
thrust up among the hornblende slate, twisthu/ and contorting the 
laminoD adjoining it in directions which wx should consider con- 
sistent with the i^assage of the serpentine in a state of igneous 
fusion through thcm”J. 

If it should be thought necessary to call in the aid of any such 
agent to produce the contortions in question, we have two intrusive 
rocks existing in the immediate neighbourhood, viz. the granulite 
and the gabbro. My own belief is, however, that the contortions 
were produced by an agency far more general, the same wdiich has 
produced the axis of (devatiou of the south coast of Cornwall in tlio 
line of theEddystone, and jiarallel to the general granitic axis of the 
Cornish peninsula. 

My argument, that we have at Porthalia a “ passage ” from the 
one rock into the other is much strengthened by the fact that many 
such “apparent passages’’ are admitted to exist by all those who have 
examined the Lizard coast with any degree of detail — including Sir 
H. He la Beche and Prof. Bonney. He la Beche’s description of that 
seen near the Jjizard Town is as follows, and it would apjdy equally 
well to the others. “The hornblende slate,’* he says, “supports 
the great mass of the Lizard serpentine, with an apparent passage 

* “ Chapters on the Mineralogy of Scotland : iv. Augitc, Hornblende, and 
Serpen tinous change,” Trans. Itoy. Soc. Ediiib. 1880. 

t The discussion of this matter, originally contained in my paper, has been 
omitted by order of tVio Council. 

I Beport on Cornwall, &c., p. 30. 
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of the one into the other in many places — an apparent passage 
somewhat embarrassing^'^ that is from his point of view ; from mine, 
it is perfectly natural. He goes on to say, “ Whatever the cause of 
this apparent passage may have been, it is very readily seen at Mul- 
lion Cove, at Pradanack Cove, at the coast west of the Lizard Town, 
and at several places on the east coast between Landewednack and 
Kennick Cove, more particularly under the Ealk .... and at the 
remarkable cavern and open cavity named the Frying Pan, near 
Cadgwith.’^ Ho goes on to say that at such places there is a good 
deal of calcareous mutter, and a tendency to more red colour in the 
serpentine near its base than elsewhere *, and this is certainly the 
case at Porthalla also. 

Finally, I cannot see any sufficient reason for referring these 
metamorphosed rocks to any Archaean series. I believe, indeed, 
that they are older than the rocks nearer the village (wliich there 
seems good reason, indeed, to regard as Post- Silurian); but, as I have 
said before, their strike and chief dip are the same as those of the 
Lower Silurians forming the greater part of the south coast of West 
Cornwall, and at present the evidence, such as it is, points to their 
being of the same age. 


Discussion-. 

Professor Bonket said that it must be remembered that the rook 
in dispute was the one form of the many rocks bearing the name of 
serpentine, of which that at the Lizard was a typical example. 
Some general considerations Mr. Collins had failed to notice, which 
to him it seemed impossible to neglect in considering the question, 
viz. that there was abundant evidence that this kind of serpentine 
resulted from the metamorphism of olivine rock ; that rocks of iden- 
tical sti’ucture generally had but one origin ; and that there was no 
well-authenticated instance of an olivine rock not igneous, for, even 
as a mineral, olivine was rare in sedimentary rocks. Further, it 
wms idle to a])peal to testimony which was not substantiated by the 
microscope. Coming, however, to Cornwall, we could not separate 
the Porthalla serpentine from that of the Lizard : what was the 
origin of the one must also have been the origin of the other. Now, 
if there were any signs which i)roved the intrusive character of a 
rock, these were exhibited by the serpentine of the Lizard. Further, 
it cut transversely across the ends not only of the hornblcndic but 
also of the granulitic series. He asserted, however, that even at 
Porthalla the evidence was clear in s(wcral places. Mr. Collins had 
mistaken a serpentine in one case for a hornblende- schist, as might 
be seen by the specimen on the table. Tire streaky structure, if he 
would examine it microscopicall}^, would be fourc^ to have nothing 
to do with bedding ; and his asserted proofs were of the vaguest 
nature. As for the schists, the hornblende-schist of the Porthalla- 
Porthoustock district closely resembled that of the Lizard district ; if 
the one were Archcean the other must be. The strikes over the two 


♦ Ibid. 
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districts did not differ so much as Mr. Collins supposed. As a mica- 
ceous series in each case appeared below hornblende-schist, the 
speaker had supposed them identical. How the granite, which Mr. 
Collins supposed was intrusive in Lower Silurian, was to appear in 
a Lower Silurian conglomerate, he failed to sec ; also, why the ab- 
sence of an overlying series need be explained ; or why, if a bed 
showed just by a fault, it was therefore reduced in thickness. Mr. 
Collins's argument as to the non-idcnlity of these micaceous schists 
at Polpeor and Porthoustock was misleading. He had selected a 
very exceptional rock from the one place, and compared it with one 
of a more normal ty])e from the other. On such a method of arguing 
he would not comment in the author’s absence. 

Mr. Hudleston thought that Mr. Collins advocated something 
like the “transmutation*’ of the old alchemists. He asked how the 
alumina could be got rid of ; it was most difficult to explain such 
a separation. The suggestion sometimes made that serpentine might 
have been formed by the alteration of gabbro, though highly im- 
probable, was more likely than the idea of the change of hornblende 
schist into serpentine. 

Pjof. Seeley regretted the absence of the author, and cited 
certain cases of reputed changes of the same kind quoted by 
Giimbel in the Fichtelgebirge, by Zirkcl in the Schwarzwald, and 
by other authors. 

Mr. Teall stat.ed that one of the best-authenticated cases of the 
formation of a substance having the composition of serpentine by 
the alteration of hornblende had been investigated by Weigand. It 
occurred in the Yosges. The serpentine, however, was associated 
with chlorite, in which the alumina, originally present in the horn- 
blende, was doubtless contained. The microscopic structure of this 
serpentine was moreover very different from that of serpentine 
derived from peridotite. Other asserted cases of the formation 
of serpentine by the alteration of hornblende rocks had been 
recently investigated by Schultzc, and always with the result 
that the true serpentines gave evidence under the microscope 
of having been originally olivine rocks. There were two ques- 
tions involved : — one was the nature of the rock which by its 
alteration gave rise to serpentine, and the other was the rela- 
tion which this rock bore to the associated hornblende-schists and 
gabbro. On the fii’st point all recent observers were agreed that a 
serpentine showing under the microscope the not-like structure 
(Maschenstructur of the (jermans) described by Prof. Ponney as 
characteristic of the Lizard serpentines had been produced by the 
alteration of olivine rocks. On the second point, however, there 
was by no means unanimity of opinion ; and cases described by 
Kalkowsky in the Eulengebirgc, in which olivine occurred as an 
accessory in the hornblende rocks and hornblende in the serpen- 
tines, appeared to show that sometimes the two rocks were very 
intimately connected. 

Hev. E. Hill said that one of the serpentines of Porthalla is 
remarkably laminated ; but be thought the lamination was due to 
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the intrusion of tho serpentine between the beds of hornblendic 
schist. Whatever doubt there may be about Porthalla Cove, 
where it is difficult to study the relation of the rocks, there are 
localities in the district in which the intrusion of the serpentine 
into the schists can be made out without the smallest possibility of 
doubt. 

Mr. T. Davies regretted the absence of microscopic sections in 
illustration of Mr. Collinses paper. His own study of tho question 
had led him to conclusions quite opposite to those of the author. 
He thought the Lizard serpentine showed under the microscope 
clear proof of its derivation from an igneous rock. 

Mr. W. W, Smyth agreed with Prof. Bonney and Mr. Hill as to 
the clear evidence of the intrusion of the serpentine into the schist. 
At the same time there are undoubtedly points at which there 
appears to be an interlamination of the ser[)cntinc and the schists ; 
but this is no proof whatever of transition from one rock to tho other. 
He could not understand this transmutation taking place along 
narrow bands for hundreds of yards without the beds above and 
below being affected. He did not feel able to accept such dis- 
putable sections as those shown by the author as explaining the 
complicated relations of these two rocks in the Lizard district. 
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33. On the Eecent Encroachment of the Sea at Westward Fo !, 
Forth Devon. By Herbert Green Spearing, Esq., M.A. 
(Bead May 28, 1884.) 

(Communicated by Prof. Prestwich, M.A., F.E.S., V.P.G.S.) 

Eor the last nine years the sea has been encroaching on the land 
near Westward Ho ! at the rate of about 30 foot a year. This 
encroachment only affects about a mile of the coast-line, but it is of 
special interest both on account of the formations which it exposes 
and the rapidity with which the sea has eaten into a district which 
had hitherto been apparently but little injured by it. 

I have not been able to obtain any correct map of the district 
older than the parish maj) of Foiiham, and that does not give the 
actual limits ot high tide with anj^ accuracy, so that it is impossible 
to say how mucli furtlier the land may have extended seaward 
when Westward Ho! was still unnamed and almost uninhabited. 
A very old iiiliabitaut, however, told me that the grass used to extend 
for several yards beyond the old road leading from the ladies’ baths 
to the Burrows, which was still in existence in 1875, when 1 first 
went to Westward Ho ! 

Ihe acconijDanying map is I'cduccd from one constructed from an 


Map showinrj liecent EacroachmenU of the Eea at Watuuird Ho! 



actual survey that I made in 1879, but the lino of the top of the former 
ridge in 1875 was sketched in from memory, aided by the parish map. 

ihe district whicli is principally affected by the encroachment is 
a large sandy common called the Fortham Burrows. This common 
is the southern part of the delta of the united rivers Taw and 
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Torridge, and the inland part of it is rather below the level of the 
highest spring tides. All along the coast-line, however, there is a 
considerable area which is about 2 feet higher, and some of the 
sand hills near the mouth of the river are more than 30 feet above 
the general level.. This coast-line is defended by a broad ridge of 
pebbles called locally “the Pebble llidge.” It is now about 50 
yards wide, and the top is some 20 feet higher than the sandy 
beach, and about 7 feet higher than the level of the Burrows. It 
is said that its dimensions were formerly much greater and the 
pebbles also much larger*. The action of the waves seems to 
cause the pebbles to travel in a north-easterly direction along the 
ridge towards the mouth of the river, where they seem to be 
accumulating. Only a few rough experiments have been made on 
the subject, but the ridge is certainly much broader at the north- 
cast corner of the Burrows, wlicre there are three or four distinct 
banka of stones, forming altogether a bank about 150 yards wide 
and over a quarter of a mile long. The pebbles of the inland ridge 
are imbedded in the turf and covered with lichens. 

It is equally certain that the ridge near Westward Ho ! is fast 
disappearing, and allowing the sea to encroach much more ra])idly 
than it could formerly, it is not easy to account for this sudden 
weakening of a defence which has so long withstood the attacks of 
the immense Atlantic rollers and a tidal rise and fall of more than 
30 feet. Various causes have been assigned, such as a gradual sink- 
ing of the land, a change of currents in the sea, and even the taking 
away of the pebbles by farmers and others to build their fences 
with. These may all have had some share in producing the change ; 
but I am rather disp(-i:'.d to believe that it is chiefly duo to a falling- 
short in the siqqdy of pebbles from the west, where for a mile or 
more there are traces on the cliffs of one of the finest raised beaches 
in England. These “ ready made pe])bles probably formed a 
pebble ridge on the adjacent sand soon after they were first 
attacked by the sea, and this ridge was gradually puslied backwards 
and sideways until it reaclu'd its present position. 

There seems now to be quite a possibility that the sea may cat 
right through the lower part of the Burrows, and thus form a new 
mouth for the river, leaving tlio north-cast pare of tlfe ridge as an 
island, or perhaps even washing it across on to the Braunton 
Burrows, which constitute the present northern half of the delta. The 
estuary has already made inroads in this direction at the Applcdore 
or inland corner of thcIV ortham Burrows ; at one place a sand hill over 
30 feet high, called the “ grey-sand hill,’’ has quite disappeared. 

In Eisdon’s ‘ Survey of Devon ’ (published KJOO-lGIdO) it is said 
that a large heap of stones called the “ Whihhlestone,” the hurying- 
place of the Danish rover Huhha, had disappeared, owing to the 
encroachments of the sea. It is not quite certain exactly where 
this heap was ; but at all events this seems to show that the 

♦ Mr. Pcngclly (Trans. Devon As.soc. for 1S()8) says of the pebble ridge — 
It is also evident that its volume has been constantly diminishing, and is at 
present less than it has ever been before.” 
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A.ppledore side of the estuary has for a long time been subject to 
erosion. If the river should thus form a new mouth, it would be 
of great importance to both Eideford and Barnstaple, as, Jilthough 
during the process the harbour entrance would bo much injured, it 
would probably become much safer when all the accumulations at 
the mouth had drifted north-eastwards. 

Of the formations that are exposed by the encroachment, one of 
the most interesting is a submerged forest which extends a distance 
of some 400 yards from tlie ridge to the extreme limits of low water, 
and probably further. It resembles ordinary English sunk forests 
in its composition ; but in addition to the usual stumps, roots and 
branches of oak, birch, and hazel, it contains numerous animal 
remains, and in one jdace there are many flint chips and cores 
mixed with great quantities of the shells of oysters, limpets, peri- 
winkles, &c. 8omo of the flints show that they have been exposed 
to the action of fire ; a large piece of red oxide of iron was also 
found there. 

The animal remains are chiefly ox, sheej), deer : but 1 have also 
found skulls of dog, pig, and goat. They were examined by the late 
Prof. Eolleston, and ho considered the ox to be of an old type, 
similar to the Chillingham wild cattle. 

The woody matter of the forest is, in places, some 18 or 20 inches 
thick ; but generally only isolated roots arc found. It rests on a 
layer of blue clay of varying thickness, but ai)parently thinning out 
seawards. Under the ridge this blue clay must be at least 4 feet 
through, and contains great quantities of estuarine shells. At low 
tide there are often several acres of it exposed, but it is getting very 
much worn away. The sea forms curious long deep furrows in it 
which are almost always at right angles to the waves. 

This blue clay rests on a layer of unascertained thickness of 
rounded pebbles. This layer extends over a very large area ; several 
hundred acres of it can also be seen at low tide near the mouth of 
the river, when it is covered with small patches of a shelly sand- 
stone similar to the large stratified mass seen at the foot of the 
cliffs near Croyde, on the north side of the bay. It is so tightly 
packed that it is difficult to kick out a single pebble, and the larger 
stones are often split lengthwise. 

But perhaps the most interesting deposits of all are those of which 
fresh sections are being continually made by the encroachments of 
the sea on the so-called building-land of Westward llo ! The 
frontage is not more than 200 yards, and in l87o there was no 
vestige of a cliff to be seen, the pebble beach sloping gradually 
upwards from the sand to the fields. This thick bed of boulders 
has all disappeared, and now there is a steep clay cliff, which is about 
12 feet high. N’ear the ladies' baths this clay rests immediately 
upon the hard rock (of the Carboniferous period) which crops out 
again in the hills above; but a few yards north, or nearer the burrows, 
a layer of sand of unknown thickness intervenes, and it is this la^Tr 
of sand that has lately so much helped the sea in its work of 
destruction. 
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The long rolling waves have at high spring tides a tendency to 
scoop deep furrows in the pebble beach, of course at right angles to 
the shore-lino ; the layer of sand then becomes exposed at various 
points. The waves raiudly eat into this sandy layer ; the clay 
is undermined and falls down in large masses, sometimes several 
tons in weight. This clay is then ground up by the ordinary 
tides, and thousands of tons have utterly disappeared in this 
way without forming visible deposits anywhere near. Curiously 
enough, this clay, when in susi)cnsion, seems to bo carried just 
in the opposite direction to that taken by the pebbles, as on a 
rough day the discoloured water at ebb tide seems to drift west- 
wards. The sand itself is rather large-grained, of a reddish-yellow 
colour, apparently containing no shells or other fossils, but with 
occasional concretions of black iron oxide, which aro sometimes as 
big as a mans body. 

Purthcr east the bed of sand is mixed with clay and pebbles, and 
gradually merges into a thick and very uneven layer of water-worn 
pebbles, which sometimes extend within a foot of the surface of the field 
above. Still further cast (w^herc the Union (’lub House, built in 1875, 
used to stand) the sandy clay and rounded pebbles are mixed wdth many 
angular stones and penetrated wnth numerous roots of bracken and 
reeds, w^hich seem to have grown in a thin layer of blue clay. This 
blue clay thickens rapidly towards the north and east, so apparently 
this is about the limit of the old estuary. The largo pebbles lie 
generally with their longitudinal axis nearly due north and south ; a 
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resting on the sandy clay,; are is of oxide of iron, 
each about as big as a nSkSd nut; they extend apparently over a 
Considerable area, sometimes forming lumps of several pounds’ weight. 

The thickness of all the layers varies very much at different 
points, but a typical section would show — 

ft. in. 

Top soil 1 b 

Iron nodules 0 1 

Yellowish clay 4 0 

Ditto with occasional pebbles and stones 3 0 

Beddish yellow sand 2 0 and extending deeper. 

Further oast, where the blue clay begins, there would be — 
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Iron nodules 
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angular stones, and roots. J 

a. J. G. S. No. 159. 
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I may mention that when the sea in 1876 washed away the old 
road leading to the Burrows, there were laid bare the foundations of 
some building, a rough stone pavement, and a round well with stone 
sides. I have never been able to ascertain anything about these 
buildings ; there is no sign of them in the parish map, nor is ihere 
any tradition about them in the neighbourhood. 

Discussion. 

Prof. pRESTwiCH expressed his regret at the absence of the 
author, who, he said, had special opportunities of observing the facts, 
as he had rijsided on tlie spot. The encroachment had evidently in- 
creased in amount within the last fifteem years, as indicated b)^ the 
author. The ground washed away was not of a nature to be easily 
removed, the pebble-bed being derived from an old beach, noi; of 
mere shingle, such as that of Brighton, but contaiiiing rounded 
blocks of very large size. If the erosion continues, the lov'er ground 
wiU, in course of lime, be washed ontirel}' away. The idea of the 
clay underlying the locality being of glacial origin was confirmed 
by an observation of Mr. ]\Iaw on some clay near Bideford, in 
which he found large erratic boulders. Ihe submerged forest was 
described by Mr. Pengell}' as containing bonc's of recent s])ecies of 
animals and worked fiiiits. 

Mr. li. W. Mylne inquired if any indication was given in the 
paper of the amount of loss since the year TOGO. 

Mr. W. T. Blanfoki) read a ])assage from the ])aper, stating that 
a book published between 1600 and KKIO mentions the fact of a 
cairn having been washed away, but gives no precise indication of 
its situation. 
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34. On Further Discoveries of the Footprinis of Vertebrate 
Animals in the Lower New Eed Sandstone of Penrith. By 
George Varty Smith, Esq., F.G.S. (Bead May 28, 1884.) 

[Abridged.] ^ 

Hitherto not many footprints have been met with in the Penrith 
Sandstone. Impressions of the same nature as those tbund in the 
equivalent strata at Dumfries have been previously met with at 
Brownrig:g in l^lumpton, about five miles north-west of Penrith ; 
and the late Mr. Biniiey and Prof. Harkness have noticed similar 
impressions in the flaggy beds near Penrith, but they were not so 
distinct as those found at Brownrigg. A notice of the discovery of 
a variety of impressions in the Lower New Bed Sandstone of Pen- 
rith may therefore be interesting, and may si'rve to tlirow some 
light upon the general nature of the terrestrial vertebrate life of that 
period. 

The footprints now I'oferred to were mot witli in a (|uarry situate 
on the eastern slope of a hill, at a point about 20b yards north of 
the highway from Penrith to Alston, and about three and a half 
miles east of Penrith. 

The geological position of the sandstone is shown approximately 
in the accompanying diagram section, which is based upon one by 

Section of Hill from ivhlcli Lite Footprinis were ohUthted. 

(After Prof. Harkjiess.) 

S.W. N.E. 

Ptiiirith Bciicon. Quaerv. River Eden. JMelmerbv, 



A. :St. Bees Sandstone. B. Penrith Sandstone. 

B. Bed Shales. E. Carbon iferous. 

C. Magnesian Limestono, Gyi»sum. F. Pr(vCarf)ouirerous. 

and Phret-beds. 

Prof. Ha.Tknc!SS. This shows that the Penrith Sandstone rises from 
beneath the Magnesian Limestone, traces of the latter rock being 
found at a short distance to the north-east of the quarry, in the 
bank of the river Eden. 

The tracks on cast No. 1 appear to be those of an animal which 
evidently used its fore feet simply as supports, while i^hrowing the 
weight of its body mainly on its hind feet. The impressions made 
by the hind feet are broader than they are long, and are nearly 
twice the size of those left by the fore feet, wliicb occur almost 
immediately in front of the former. 

* This paper was illustrated by facsimile casts of the footprints, which are 
now in the Museum of the Geological Society. 
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The tracks on cast !N^o. 2 are clearly those of different animals, for 
the imprints marked “ a ” are, no doubt, those of a quadrui)ed which 
used its fore feet as supports, much in the same way as that of cast 
No. 1. The impressions of the fore feet are only about half the size, 
and^re situate between those of the hind feet. The imprints marked 
“ h ” on the cast, appear to be those of cither an animal character- 
ized b}' a bipedal mode of progression, whose feet presented the 
form of a pjid and three digits, or else of a quadruped whose fore feet 
were much smaller than its liind feet , and fell into nearly the same 
place. 

Cast No. shows footprints which occur on the same stone as the 
imiwossions marked “ o ' ’ and of cast No. 2. The footprints 

in tliis case a])])ea]' to be those of a much smaller or lighter animal, 
which placed its hind feet nearly in the prints left by the fore feet ; 
these tracks are slight and of a circular t'orin. The next cast, No. 4, 
was taken from a Ix'd scwi'ii fe(d bedow that from which casts Nos. 2 
and 11 were taken, d'lu^ footprints here being of a more uniform 
dej>th, Avould also ap])ear to liave been made l)y a four-footed animal, 
and one whicli threw^ its weight juxtty equally on all four feet. 
The bed fj’oin which these inqiressions were taken had an inclination 
of 25° towards the -west, and from the bluriod appearance of the 
lo'SNcst ini] Hants, which, howcTcr, became more distinct as they 
ascended, it' ’s\'ould jqqx'ar that tlie bed at the time the iinjiressions 
were made was ])ro1)al»ly inclined and partially covered witli water. 
The prints are not oi* a. uuii'orm size, jirobahly from, tlie ahove cause. 

(lasts Nos. 5 and <> were' t aki'ii from a Ix'd a foot' and a lialf below 
that' in which the last foot])ri]its occurred. It is doubtful whether 
each im])rint on No. 5 is that of a single foot, or whether it is not 
rather that of both the forc! and hind foot in coiiicidence. 

The inqu’ints on cast No. (> ;ire no donht those of a quadruped, the 
impressions of whose feet appear nearly in coincidence. 

All the foregoing footjirints, except the fii’st, were found in situ. 
The surfaces of the two last-ineiitionod beds wore, in several places, 
so covered with footprints tliat it v as iiii])ossil)le to get any additional 
sots of inqiressions, whicli in nearly every case took the same direc- 
tion, namely, from west to east.. 

It seems doubtful whctlicr each mark on cast No. 7 is that of a 
single foot, or whether it is not rath(a' that, of both the fore and 
hind feet nearly iu coincidence ; the appearance of a double row of 
toes and the abnormal number of six digits visible in some of the 
impressions, prohalily arises from the placing of the hind foot nearly 
in the impression of the fore foot. The imprints appear to be those 
of toes or claws, and take the form of a half-circle. 

In cast No. 8 we have something similar to the latter, the impres- 
sions of the toes or claws being visible in a double row. It is diffi- 
cult to say whether they rejircsent the prints of a single foot, or 
are those of the fore and hind foot nearly together. They differ 
however from those on cast No. 7, in that the toes or claws take a 
slightly concave form, and turn alternately outwards. There are 
other marks on this cast than those described above, but they could 
not have been caused by the same animal ; for on a close examina- 
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tion of the marks tkere appears to bo a certain amount of unifor- 
mity about them, each alternate mark being reversed ; the pace also 
is longer. 

Cast JSTo. 9 is, no doubt, the cast of the natural imi)rints of an 
animal entirely different from the others. The impressions are in 
groups of four, three turning in a straight lino outwards, while the 
fourth turns inwards ; and they appear to bc^ those of a four-footed 
animal, each impression being that of the single foot ; a hare when 
in motion makes a very similar track. 

It may be thought tliat the markings seen on cast Xo. 10 are 
similar to those just described ; but on a careful examination of them 
there appears to bo a considerable difrercnce ])etwcen the two. In 
the first place the tracks occur iu two lines of a uniform distance 
from each other, each line of tracks consisting of groups of four 
impressions each, ih(i several groups occurring alternately. In 
each group in the right line the three first impn^ssions form a line 
inclined outwards to the right, while the fourth impression iiKdinos 
inwards to the left. The groups in the left line are just the reverse. 

It is very pro!) able that those impressions Avere caused by a bipod, 
the group of impressions in the riglit line being those of the right 
foot, and those in the left line of the left foot ; tliis Avould appear 
frinn the groups in both liiies occurring altcriiiitoly n.nd at a uniform 
distance from each other, and the fourth iuipj’ossion in each 
alternate grouj) turning iiiAvards. 

^U1 the foregoing footprints Avcrc found in the same quarry ; and 
from the difference in the size and depth of some of them, as 
compared with the leugtli of ])ace and form of otliers, it has been 
suggested that they represent the impressions of several different 
species, if not of different genera of extinct vertehrates. 

There are several (]uarrics in tiio immediate neighbourhood of 
this one ; hut I have never Ix^en able to find any footprints in thorn. 

In a quarry of renrith Baiidstoiie in Whiiil'ell Wood, situate on 
the top of a hill about three miles to the soutli-cast of Penrith, I 
found a sj)ecimcn of the cast of some footprints, but it was not 
nearly so distinct as those described above. t)n the same day I 
found, in another quany about 100 yards from the last, a piece of 
stone showing five distinct and peculiur markings, which, although 
exactly alike, and taking the same direction, are not in any regular 
order. These markings or impressions are seen on cast No. 11. 

Discussion. 

Dr. Murie remarked that the (jnestion of footprints is a very 
difficult one. lie had been in the habit in his youth of tracking 
animals, hut had found that it was often difficult to recognize a 
dog’s foot. 

Prof. Prestwich said that in the Oxford Museum there were 
impressions very similar to those of Nos. 5 and 6 from the Trias of 
Storton Hill, near Liverpool. 

Prof. Judd referred to the great interest of these fossils as coining 
from undoubtedly Lower Permian strata in which remains of verte- 
brate forms higher than fishes had so rarely occurred. 
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35. The Range of the Palaeozoic Rocks beneath Northampton. By 
Henry John Eunson, Esq., E.G.S. (Read June 11, 1884.) 


Contents. 

1. Previous knowledge of the Underground Geologj' from : — 

1. The KingBthorpo Shaft, 18o(»; 

2. The Eoriiig n.1. the Uridge-Slrcct Slation, L. & N. W. Railway, North- 

junplon, 

II. Tlio Ketlering-ro.'id Poring, 1880. 

111. The Gaytan Boring, 18S.:k 

IE. A Trial-boring for Coal at Orton, Nortli !N’orthamj)tc)nshire, 1884. 

V. Generiil Conclusions. 

VI. Tabular Suiuinary of the Borings. 


I. Previous Know^lehge of the UnuehciKound Geology. 

1. The first investigation into tlie undorground geology of Northamp- 
tonshiro, or the strata lying immediately beneath the thick deposit 
of the Liassic series, consisi irig of limestones and clays, which covers 
the county to a large extent, was made in the year 18PG. A com- 
pany was then formed and a shaft sunk near the village of Iviiigs- 
thorpo, about 2.] miles N.E. of the town of iS'ortluimjiton, for the 
purpose of readiing the Coal-measures, which, upon the advice of 
practical men, it was tlionght could be found at no great depth 
below the surface, “ though competent scientific individuals, as Mr. 
Smith, the father of English geolog}^ and Mr. Richardson, then of 
the British Museum, expressly denounced it as a mistaken enter- 
prise 

An account of this shaft (fig. 4, p. 49G) has boon given by the late 
Mr. 8. Sharp, F.G.S., in the ‘Geological Magazine,’ from which I 
extract th(^ following ])a8Sagc f : — 

“No accurate detailed section of the shaft was taken at the time; 
but at a depth of 210 feet from the surface, a water-yielding ‘ Lime- 
stone rock’ in the ^liddle Lias (Marlstone) was pierced, which 
produced 3G,000 gallons of water per hour. At a depth of 880 
feet (as is stated in pencil-notes on a diagram in my possession, 
which notes arc said to have been made by I)r. William Smith, E.R.S., 
E.G.S., &c.) the New Red Sandstone was reached, and a flow of 
brackish water of a like volume to the former occurred. The 
New Red Sandstone is stated to have consisted of ‘ sixty feet of 
Sandstone, twelve feet of Red ^ilarl, and fifteen feet of Conglomerate.’ 

Proc. of the South Wales Institute of Engineers, vol. ii. p. 198. “ The 

Iron Ores of NortJianiptonshire.” By W, Brown. 

t “ Note on a futile search for Coal near Northampton,” Geol. Mag. vol. viii. 
p. 505. 
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At this point (a depth of 967 feet having been attained, and about 
.£30,000 expended), the enterprise was abandoned/’ 

The surface of the shaft is 374 feet above sea-level. 

2. A boring was also carried out about the year 1846 by the 
London and North Western llailway Company at their Lridge- 
Strect Station, to obtain water for their locomotives. The strata 
mot with were as follows (fig. 2, p. 496) * : — 

feet 

Superficial accumulation consisting of dotrital gravels, dark 


tenacious clays with erratic boulders 40 

Lias blue clay with bands of stone 550 

Very bard pyritous rock 1 

Variegated Sandstone, viz. red, green, and white with 15 

feet of limestone 40 

White sands 3 

Magnesian limestone 4 

Total... 050 


No supply of water was met with until reaching 650 feet, when 
a si)ring of salt water rose to within 8 feet of the surface, con- 
taining in solution chloride of sodium, carbonate of soda, and sul- 
phates of magnesia and lime. 

The situation of this boring is in the valley of ilio None, and 191 
feet above sea-hn'Ol. From a well lately sunk in the immodiate 
neighbourhood the alluvial gravels &c. may bo taken at about 
26 feet in thickness. 

This was all tlie information then obtained regarding the under- 
ground geology. The Liassic series had been pierced, and below 
it beds of sandstone, marl, and conglomerate had been mot 
with. There was then little doubt that these deposits were the 
up])er bods of the Trias, which was thought to extcaid some distance 
eastwards under and beyond Nortliainpton, attaining there some 
considerable thickness, about 500 feet, but not, however, reaching 
far beneath tlie Chalk of Cambridge or Eedfordshire t. 

In the year 1878 the Northampton Water Company, when con- 
sidering a flirt] ler source of water supply, were advised hy their 
Engineer, Mr. J, Eunson, F.d.S., Assoc. ]Mcm. Inst. C.E., to bore 
througli the Lias claj s and the upper hods of tlie Trias, and to 
penetrate, if possible, the “Water-stones” which it was thought might 
extend as far eastwards as Northampton, The advice of Mr. It. 
Etheridge, E.lt.8., and Frof. J. W. Judd, F.ll.S., was obtained, who 
gave a favourable opinion upon such an undertaking, at the same 
time pointing out some of the reasons which might result in the 
non-success of the scheme. To these gentlemen I am greatly in- 
debted for their kind assistance in preparing this paper. 

It is from this boring and two subsequent ones, that we have the 
interesting discovery of the Paheozoic rocks so near the surface. 

* A Report on the drainage of the None Valley by the Rev. C. H. Ilartshorne, 
printed by Jas. Butterfield, Northampton, 1848. 

t Hull, ‘ Coal-fields of Great Britain,’ 4th edit. p. 530. 
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II. The Ketteeing-road Boring (fig. 3 , p. 496 )*. 

The fost boring undertaken by the Water Company was com- 
menced in 1879 from the bottom of an existing well 203 feet in 
depth, situated on the Kettering road, and about one mile N.E. of 
the town. The surface of this well was 278 feet above sea- 
level. 

After 18 feet of surface soil and Inferior Oolite the Liassic series 
commenced, and continued to a dej^th of 738 feet. 


ft. in. 

Surface soil 4 0 

Inferior Oolite 14 0 

Upper Lias CIny 153 0 

Middle Lias (rock b(Mls) 21 0 

Lower Lias 543 () 


738 0 

I he last 20 feet of the Lias contained several bands of indurated 
clay and limestone, and rested nnconformably upon an eroded sur- 
face ot erj stallino conglomerates and sandstones, in the following 
order ; — 


No. of bed. 


ft. in. 


1. Oonglomorntc of sandstone with calc-spar, chert, 

and quartz 

2. Light-blue sandstone with liini'stono jind clieri 

3. Ligl if /-coloured sandy liniestone wiili in;i,gne,sian 

limestone 

-I. droen sandstone, with hard .and soft veijis 

Ck I), ark-green s.aiidsf.ono 

(k JTnrd white snndstono 

7. Oreen sandy clay 

8. Hard white sandstone 

9. Green sandy elay \ ’ 

TO. Light-brown saiidsf one (fim'-grained) ! 

11, Lrowii sandstone, eo.'irser 

12. Green yellowish marl 

lo, Variegated conglomerate, fine-grained, in calcareous 

matrix 

14. Brown marl, with blocks of dolomite 


12 0 

8 fi 

(» 0 

8 0 

5 0 

0 0 

0 r> 

1 0 

3 0 

3 3 

;; 0 

3 0 

2 3 

2 0 


ft. iTi. 

738 0 


07 () 805 6 

These beds were reported by Mr. Etheridge to have ‘‘ no equi- 
valents in Britain,” “ no scries like them and it is difficult to say to 
what period they belong, no fossil of any kind having been found 
by which to fix their exact horizon. The Lias clays were iincon- 
formably upon them, the White Lias and llhactic being altogether 
absent. The last bed (a marl) contained several blocks of a dolo- 
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mitic rock, and rested upon an eroded surface of this Carboniferous 
dolomite 25 feet in thickness. 

This rock yielded one perfect fossil {Orihoceras ohlatum) and a 
few annelid-tracks, and was succeeded by Carboniferous Limestone 
crowded with characteristic fossils and containing bands of sand- 
stone, passing at 844 feet into yellow shales containing plant- 
remains and numerous fossils, in which, at a depth of 851 feet, the 
boring was discontinued. 

The Carboniferous strata were as follows : — 


ft. in. ft. in. 

No. of bed. 805 (*» 

15. Eed dolomite, fissured, witli eroded surface, fissures 

filled with impim; calcareous deposit 2 0 

16. Vein of white dolomite 1 0 

17. Dull rod dolomite, jointed and very dense, contain.- 

ing a vein of quartzite towards ilie base, also 

oWrti/ww and auviclid-markiugs 22 0 830 6 

18. Yellow sandstone containing Lithos! I'iiflnn jnneenm., 

Lithodrotion irre(jul(ire, and Lcmfychlria Jiori- 
formh 2 (> 

19. Vein of red sandstone, fossils more numerous 1 0 

20. Yellow sandstone, similar fossils to those in beds 

18 and 19 2 0 836 0 

21. Dense orangt'-colourod limestone with calc-spar ... 0 6 

22. Yellow liinestoiu’i, fossils numerous : f//s- 

tipht/lliLm., s[)., Lithodrotion irm/aldrc 7 6 844 0 

23. Yellow sandy shales with plant-remains 1 0 

24. Band of black sandy shale &e 0 6 

25. Yellow shales conUiining Orthoc(rat<^ l^wdnctffs 

t^catiHcnl us, Strcptorhijncims crcm.drla, scales ol* 

Ncgaliahthys 5 (> 

Total df) 851 0 


Saline water was met with in this boring, coming, without doubt, 
from the beds above the dolomite. The j icld, however, was only 
about 200,000 gallons per day. The water had a s])ecific gravity 
of 1*013, and contained 1200 grains of mineral salts per gallon. 
The water appeared to have a level of about 150 feet above Ordnance 
datum. 


III. The Gatton Bokihg (fig. 1, p. 490). 

The second trial took placQ near the village of Gay ton, five miles 
south-west of Northampton, not far from the Banbury-Lane crossing 
of the L. & N.W. Railway Co., about two miles north-west of Blis- 
wortb Station (see Ordnance map 52, S.W.). It was thought that 
under the known attenuation of the Trias westward, the Water- 
stones could be found, if only the site selected was at a sufficient dis- 
tance beyond the Carboniferous rocks to have allowed the lower beds 
of the Triassic scries to bo deposited near Northamx>ton. 

This horing, 282 foot above soa-level, was commenced at the 
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junction of the Upx^er with the Middle Lias, followed by the 
Lower Lias clays, the aggregate thickness of which was 581 feet. 

The White Lias and Rhaitic were here present in the following 
order : — 

ft. in. ft. in. 


No. of bed. 581 0 

1 . Hard wliite limestone with pyrites 1 0 

2. Sandy vein, with (Mreay reptiliau hone ... 0 C 

3. Dense hard wJiite limesiono 0 0 

4. Sandstone, witli liinestoiu‘ hands, Pcctcn, Osfrea ... 2 3 

h. Wliite crystalline limestone 2 (> 

6. White Kmestone with dark streaks 0 (> 

7. Dense concretionary Uiuestone 3 3 505 0 

8. Green shale 7 0 

0. Grey shale 0 3 

10. Brown shale with green hands 4 3 

11. Soft green marly si 1 ale 4 0 

12. Hard green marl, false-bedding very strongly 

marked 2 3 

13. Black shales, with limestone bands and pyritous 

nodules 3 6 317 0 


Among the fossils werti Crustacea, Terquemia anefis, Avicida 
conforta, Cardlum rhcetlcinu, Pcctm mloniaisis, Plcurophorus, 
Acrodvs w'hiimus, /(miistrUitm, Saurich/.h^s emmiinatm, 

S. aqjicalia, PlerodaefyluH (bone). 

The black shales rested ij]»ou the slightly eroded surface of a bed 
of grey marl with layers of coarse gritty sandstone, followed by 
the croam-colourc'd marls, variegated sandstones, and marls of the 

Trias. 


ft. ill. ft. in. 

No. of bed. 317 0 

14. Grey marl, with bands of gritty sandstone 3 0 

15. Cream-coloured conchoidal marl 3 0 

13. Red and green mottled marls 3 0 

17. Red marl 4 0 

18. Brown sandstone 4 0 

19. Red marl 3 0 

20. Brown marl 0 3 

21. Band of hard sandy limestone 1 0 

22. Red and green mottled sandstones 2 3 

23. Green and yellow sandstone 2 0 358 0 

24. Hard white sandstone w ith pyrites 1 0 

25. Fine-grained green sandstone 0 3 

26. Green sandstone (strong odour of sulphuretted 

hydrogen when broken open) 0 3 

27. Green sandstone (large <[uantity of pyrites) 1 0 

28. Green sandstone (free from pyrites) 5 0 603 0 

29. Yellow sandy marl 1 0 

30. Grey sandstone 1 0 

31. Light-coloured sandstone, with marly bands 4 0 672 0 

82. Red marl 1 0 

33. Yellowish -green sandy marls 2 0 

34. Red marl 1 0 370 3 


At 676 feet Carboniferous fossils were discovered in a bed of 
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brown sandstone, followed by blocks of Carboniferous Limestone in 
a light-green sandy matrix, in no distinct order, and with no ap^m- 
rent regular bedding. Those were succeeded by red, green, and dark- 
coloured marls, the last bed of dense dark shale resting upon an 
eroded surface of Carboniferous Limestone (iinfossiliforous) at (>99 
feet. The beds, so far as it was possible to make out, were in the 
following order : — 

ft. in. ft. in. 


No. of bod. ()76 (> 

35. Brown sandstone, with Carboniferous fossils 0 b 

3(). Blocks of limestone in green sarifly inatriv 1 0 

37. Limestone, with pyrites and fossils (much broken 

up) 2 0 

38. Hard brown limestone U (> 

39. G-reon and brown linuistone, and sandstone 1 b 

40. Fragmentary limestone in sandy matrix (no regular 

bedding) 7 0 

41. Green and brown marl (very much disturbed) 3 0 

42. Bed, green, and black sandy marls 3 6 

43. Black shale, on an eroded surface of Carboniferous 

Limestone 3 0 099 0 


The true Palmozoic rocks commouco, without doubt, at 099 feet, 
the bods above represeniing a littoral de])osit Tx'fore an escarpmont 
of Carboniferous Limcstoiu*, and over wliicli the Trias seas encroacliod 
late in that period, which accounts for the absence of the “ Water- 
stones ” and the thin deposit of the Trias. 

Among the fossils collected Ironi these littoral beds the following 
wer(^ identified by Mr. 11. Etheridge : — 


Actinozoa 

Echinodcruiata 


Annelida .... 
Bryozoa .... 

• 

Brachiopoda. 


Lamellibranchiata 


C'ttMlitoS. 

Aclinocrinns ] 

Potcriocrinus ^ ossicula of sterna. 

Bhodo(;rinus J 

SerjaiJa;. 

Pene.sbdhi. 

Ceriopora. 

Ceramoj)ora (?). 

Athyris Ruis.syi. 

Chonctos. 

Ih-od uet.ua semireiieul a t us . 

Ill I yiiehonclla pleurodoii . 

Spirifera glabra. 

striata. 

Strcptorl 1 y u (b us (reni stria. 
Strophalosia rhomboidiilis. 
Avicadopeeten. 

Edmondia. 


Below the limestone, at 099 feet, a series of limestones and shales, 
the latter of a dark green and black colour, two beds of which were 
undoubtedly fireclay, extended to a depik of 778 feet in the follow- 
ing succession : — 
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ft. 

No. of bed. 

44. Brown limestone, with eroded surface, and dipping 


45-50° 1 

45. Hard dark shale 0 

46. Light-brown limestone 0 

47. Green sandy shale, w’ith Scrpida, Syringopora ... 5 

48. Hard indurated shale 1 

49. Green shale 6 

50. Whitish impure limestone, jointed, a cins oi' cal cite, 

and coniaining lihynchonvlla ylenrodon &c 2 

51. Dark-brown si i ale (fireclay) 1 

52. Impure sandy limestone 7 

53. Hard green sandy shale 10 

54. Limestone (similar to bed .50) 0 

55. Green shale witli fossils 1 

.56. Impure greenish liinestouo 3 

.57. Green sandy shale 2 

.58. Limestone 1 

59. Dark-brown sliale (fireclay) 2 

60. Im])ur(‘ limestone 1 

61. Hard black bituminous ehale 3 

62. Sandy Tein, annelid-tracks 0 

63. Dark sliale 2 

64. Softer shale witli fossils 3 

6.5. Liincsloiie with bituminous veins 4 

66. Green shale 9 

67. Green shale with fossils 0 

68. Limestone 0 

69. Green slialo 2 


in. ft. in. 
699 0 


0 

0 

6 

6 

0 

0 

6 

6 

() 

6 

6 

6 

6 

6 

0 

6 

0 

0 

6 

t; 

0 

0 

0 

(i 

(i 

6 778 0 


At 77B foot a decided change took place in the cores, the i* 
40 feet consisting of sandstones and coarse grits, some of the beu 
being fissured. 


'• 778 0 

70. Hard white (•rystalline sandstone 2 0 

71. Green sandslone, Tcrchraf tda saccifhs, &c 1 0 

72. Line gritty sandstone, a vein of browm sandstone 

near tlie base 2 6 

73. Hard while sandstone, with veins of calcite 0 9 

74. Coarse gritty sandstone, Serpnice, and teeth of 

l\'<aiumocliiti imiX IJdiidufi 0 6 

75. Coarser grit, well-i^ounded pe‘bbles of quartz, ^ inch 

diameter and under “ 0 9 

76. Coarse grey sandstone 4 0 792 0 

77. Grey micaceous sandstone, with plant-remaiiiB ... 6 6 806 0 

78. Hard crystalline sandstone 1 0 

79. Dark-grey sandstone, Annelid-tracks, and Scrpulce 1 0 

80. Bed and yellow sandstone — 817 0 

81. Red and green saiidstoiio, fissured 1 0 818 0 


Large quantities of these sandstones and grits were ground away 
in boring, so that it was impossible to give the tliickness exactly of 
each successive bed. 

The boring was continued to a depth of 994 feet, the beds, as 
far as 889 feet, consisting chiefly of marls, with a few bands of 
eandstone. 
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ft. in. ft. in. 

No. of bed. 818 0 

82. Chocolate marl — 

83. Dark-greou marl — 

84. Red sandstone and marls, with Modiola Macadami 

at 840 feet — 847 0 

85. Red and green marl, witli sandy bands 34 0 881 0 

86. Blue sandy marl, with coniferous wood-remains ... 4 0 886 0 

87. Grey-bluish sandstone, with plant-remains 3 0 889 0 


The junction between beds 87 and 88 is distinct, the latter being 
a brown marl, and followed by thick beds of coarse red sandstone, 
containing some hard (]nartzoso grits and a few layers of marl. 
Bed 9e5, at 942 feet, contained a fissure ^ inch in width, which also 
revealed a slight fault, the displacement, however, not being more 
than 2 inches. 


ft. in. ft. in. 

No. of bod. 889 0 

88. Brown marl, with se])tarian veins replaced by sandy 

infiltration 11 0 9(K) 0 

80. Red marl with sandy layers 18 0 918 0 

90. Fine-grained red find yellow sandstone 12 0 930 0 

91. Coarse red sandstone 1 0 

92. Coars(^ purple quartzose roek 1 6 

93. Greenish qiiartzoso grit 1 0 933 6 

94. Rod marl, with red and white sandstone bands ... 8 6 942 0 

95. Very hard coarse grit (wide fissure filled with cal- 

careous de])Osit) "1 0 946 

96. Red and while srindslonc, Moth .several la vers of 

marl 12 0 

97. Pale-green calcareous grit 1 0 959 0 

98. Red and grey ‘sandstone, with marl and septaria... 30 6 

99. Hanl grey sandstojic, fissured 1 6 091 0 

,100. Red marl 3 0 094 0 


Specimens of these (quartzose grits were submitted to Prof. T. G, 
Bouncy, Pres. G.8., who lias kindly favoured me with the following 
notes u])on them : — 

Bed 91, at 930 feel , — “ A moderately coinpact, dull, light-red 
sandstone, becoming coarser in the lower part (see bed 92), and 
giving indications of stratification at an angle of 80" with the axis 
of the core. In tlie finer i)arts the grains are about -01 inch, hut in 
the coarser are three or four times that size, with occasional frag- 
ments exceeding T inch. There is one fragment 1 inch long, but 
possibly that may he a vein. Many of the grains arc (|uartz, and 
some are apparently felsjmr. The red colour is duo to an external 
pellicle of oxide of iron.” 

Bed 92, at 931 feet , — “ A rock resembling in texture the coarser 
of the above specimens, slightly more purple iii colour, and decidedly 
harder. The (piartz-grains constitute about ^ of the whole mass ; they 
are suhangular to tolerably well rounded in form ; some contain abun- 
dant minute cavities, but others are rather clear. Bubbles appear 
to be very rare, hut I have noticed a few. Home grains consist of a 
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granular quartz, probably from a vein. The other grains are more 
difficult to identify ; some are felspar, many probably decomposed 
felspar, others may be rock-fragments, but the structure is not defi- 
nite enough, or the grains sufficiently well preserved, to enable me 
to speak positively. The grains appear to be set in a fine granular 
matrix.” 

Bed 93, at 932 feet — “ This rock is rather lighter in colour and 
looser in texture ; it contains numerous gr,‘inules and galls of a pale 
green muddy-looking material, Avhich give a distinct character to 
the hand-specimens. On the whole, cavities are more numerous 
and slightly larger in tlio quartz-grains; bubbles are only occa- 
sionally present, but perlia])s are relatively a. little larger.” 

Bed 95, at 9i2/<?^/. — A moderatel}' coarse grit, containing fairly 
rounded granules of quartz, whitish to purple in colour, and a yel- 
lowish earthy-looking material, ju’obahly dccom])oscd fblsi)ar, sot in 
a hard light-coloured matrix. There is now and then a small quartz 
])chhle, about as large as a pea. As regards the microscopic struc- 
ture, there is little to add to the remarkvS already made, except that 
the cavities are very abundant in the (piartz, and moving buhl)los 
not ver}' npfreqiient. One quartz-grain contains a crystal of a 
greenish mica. Ihe cement exhibits cleavage-j)lanes, and is an 
impure caleite.” 

Bid 97, ai {h)S feet . — “This rock approaches in general appear- 
ance to bed 93, but has less of the grecu constituent. The cement 
is calcareous.” 

v\ hotlior this series of coarse sandstones, grits, and marls repre- 
sents the Old lied Sandstone, or whelhcjr they must be classed as 
Lower Carboniferous, is a matter of some doubt. 

In examining these roclcs Professor Ponney remarked their simi- 
larity to some of the i)cbhlcs in the Puni er beds of Staffordshire, and 
even to the Torridon Sandstone of S(;otland, which he had suggested *^ 
as the source of some hard quartz felspar grits in the form^. He 
has, however, pointed out to mo that although bed 95 boars a con- 
siderable resemblance at first sight to the pebbles in Staffordshire, 
the resemblance is not so close under the microscope. Tn it the 
calcareous cement is a very marked feature ; but in six different spe- 
cimens collected in the neighbourhood of llugelcy which he has 
examined it is not seen ; and the cementing material in some cases 
is certainly quartz. Poth have imdoubtodly derived their materials 
from a common source, viz. granitoid rocks of Archman ago. Again, 
the peculiar hard quartzites of the Punter pebbles have not been 
struck in this boring. Still the Punter lias evidently b(?en derived 
from many sources, and this ridge beneath Northampton may have 
furnished its quota. 

As in the other boring, saline water was met with. It contained 
about 1500 grains of mineral salts per gallon, and had a specific 
gravity of 1*015. The yield, however, did not amount to 100,000 gals. 

* aeol. Mag. vol. vii. p. 404, and vol. x. p. 199. 
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per day, as tested by pumps. The water stood at 170 feet above 
sea-level, or 20 feet higher than at the Kettering-road boring. 

Though in both instances the borings failed to provide the pure 
water, for which object they were carried out, yet the results are of 
the highest interest, and prove the extension of the Palaeozoic rocks 
in a new area in Britain. 

The results obtained from these two borings are much strength- 
ened by the fact that they were executed with the diamond drill *, 
by which means the solid cores which were extracted (at times as 
much as 24 feet in length) of the strata passed tlirough showed 
distinctly the exact position of the several beds and the nature of 
the junction between them ; the fossils could also be collected per- 
fect and from each particular horizon. The largest cores extracted 
were from the Kettcriiig-road boring, and measured 19| inches in 
diameter, the cores of the Carboniferous strata at a depth of 851 lect 
measuring 14] inches. 

The Gayton boring was commenced with the 18-inch crown,'’ 
giving 14^-inch cores, and during the progress through the 994 feet 
the size was reduced six times, the last core mt^isuring 9 inches in 
diameter t. It was not found practicable to test the direction of 
the di]) of any of the strata. 


lY. A TRiAL-noiiiNa for Coal at Outon, Nortji Noktu am pton shire 
(tig. 5, p. 490). 

A boring has just been accornplislied by the Diamond llock- 
boring Company in Harringiion Dale, near the village of Orton, 5 
miles to the west of Ivetteriug and 12 miles norlh-east of I^^orth- 
ampton, to test the possibility of Coal occurring in that neighbour- 
hood. Through the kindness of Mr. J. Pleming, of Neweastlo- 
on-Tyne, tho owner of the estate, for wliom tlio boring was carried 
out, I was permitted to examine the cores during the progress of 
the operations, the results of whicli 1 am pleased to be able to lay 
before the Society. 

The position of the boring was upon tho outcrop of the Upper 
Lias and 874 feet above sea-level. The Lias clays were pierced at 
006 feet, tho lower portion differing from tho bods at Gayton in 
the absence of fossils, and from those at Kettering road in that 
beds of indurated clay and limeston(3 were not met with. The clays 
were followed conformably by a bed of White-Lias limestone, 
similar in lithological character to the same bed at Gayton, but con- 
taining no sandy veins or fossils. The green shale (beds 0 and 8) 
is identical in appearance with bed 8 at Gayton ; it is impossible 
to sec any difference in them when examined side by side. It is 
also curious to remark the general similarity between this boring 

* Carried out by Messrs. Boewra and Gulbmd. 

t Proc. Inst. C. E. vol. Ixxiv. p. 270, “ On a Deep Boring at Northampton,” 
by H. J. Eunson, Stud. Inst. C.E. 
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and the one at Gayton. The base of the clay at Orton is 292 feet 
below sea-level, as compared with 299 feet at Gayton, a difference 
of only 7 feet, the distance between the two sites being IG miles ; 
the White-Lias limestone is present at both places, but we have no 
mention of it in either of the two earlier investigations, nor was it 
found at the Kettering-road boring*; the green shale is very 
similar, but absent in the three other borings. At Orton no trace 
of Trias is found : the black shales and bone-beds are also wanting. 

The thick bed of white sandstone, probably a local de])osit, was 
followed by a breccia. This breccia contained fragments of quartz- 
andesite and also of qnartz-felsite, the rock found immediately below 
and upon the eroded surface of which it rested. The quartz -felsite 
was proved to a dei)th of 74 feet, and in it, at 789 feet, the boring 
was stopped. 

This rock was exaroiiied by Prof. Bouncy ; he remarked : — “ This 
rock is a quartz-lcTsito, specks of quartz and crystals of whitish 
felspar about 0*1 inch long appearing in a very compact greyish 
matrix. This is traversed by very numerous minute cracks, which 
appear to be lilled by a paler mineral. A distinct cleavage is 
exhibited, the planes, whoso surfaces are slightly irregular, making 
an angle of about 18^ with the axis of the core. Under the micro- 
scope the rock exhibits a rather indistinct de vitrified structure, 
which in many parts is marked by the above-mentioned cracks, and 
subsequently formed minerals, i do not see any distinct indication 
of perlitic, fluidal, or s])herulitic structure, but I believe the rock 
has once been a glassy rhyolite, and has been subsequently devitrified 
and crusluid, wheiher simultaneously or not I cannot say. The 
usual filmy, almost eolourh'ss mineral (which extinguishes at rather 
small angles, some 1 0^, vrith the vibration-planes of the crossed 
nicols, and sliows a sort of golden tint most brightly at between 
50^ and 60°) occu])ios, or to some extent solders up,'’ the cracks. 
There are also numerous granules of ferrite and occasional dark 
lines of anii-on-oxido, which, I think, have occupied cracks. There 
are several grains of rather clear quartz, and crystals of felspar, 
orthoclase, and plagioclasc, both rather decomposed. The quartz is 
cracked, the felspar still more broken. There arc many inicroliths 
which I cannot ceriainly identify, hut some, 1 think, are a])atitc, 
and perhaps there is a little mica.*' 

In the opinion of Prof. Bonney this rock is very similar to that 
found at High Hhorjilcy, in Lincolnshire, which he has described t as 
either “ an altered rhyolitic tuff or a true rhyolite much crushed 
and he has little doubt that it is a member of the same series as the 
volcanic gronj) of Charnwood Eorost. 

It is interesting to note the extension of this group so far south- 
ward as Northamptonshire, some 25 miles to the south-east of the 
Charnwood area, and which most probably, during the later Car- 

* These three boi’iiigs are situated between Orton and Gayton. 

t Quart. Journ. Geol. Soc. vol. xxxvi. p. 642. 
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boniferous period, was an exposed land-surface, over which the 
much-desired Coal-measures were not deposited. This boring is 
another proof that it is improbable that the Coal-beds occur in 
North Northamptonshire. 

The succession of the beds below the Lias was as follows : — 


!No. of bed. ft. in. ft. in. 

Surface soil 10 0 

Liassic series, Upper, Middle, and Lower 65(.> 0 (HiG 0 

1. Junction bed between clay and liincatone below 0 

2. White-Lias linu'stone, with fissures containing large 

crystals of calc-spar and jiyrites, I inch cube 0 070 0 

3. Conglomerate 3 

4. White sandy liniestoue 0 0 

5. At the base of bed 1 a congloiucrate of small rounded 

fragments of (piartz-andesite ?, lliieker on the lower 

part, more scattered towards tin* top 13 

fi. Green shale 0 

7. Hand of greyish sandy marl 1 9 

8. .Green shale, with light and dark shaded bands 7 0 08S 0 

9. Coarse grey sandstone 24 0 712 0 

10. Breccia of quartz- felsi to 3 0 71 o 0 

11. Quartz-felsite, witli eroded surface, jiroved to 74 9 789 0 


The largest cores in tills boring measured 74 inches in diameter ; 
the size was rtjduced four times, the last core measuring inches. 

The boring was commenced in October 1883 and completed in 
March 1884. 


V. General Conclusions. 

Those borings furnish ns with additional evidence foi* determining 
the extension eastwards of the Pahcozoic rocks beneath the IVIeso- 
zoic formations, and verif}^ to some extent tlic conclusions drawn 
from the borings in the London and Oxford areas. If the beds met 
with at (i ay ton arc taken as the Old ll(‘d, that locality is now the 
northern hoiiridary of that series, which it was jiredicted would 
probably he found to strike across England, and tlio most easterly 
extension of which has been determined at the borings in the London 
area. 

The Carhonif crons Limestone at Northampton may now be con- 
sidered its most easterly underground extension known in England t 
if wo disregard the reported discovery of that series at Harwich, 
and is in all probability an extension of tlio Peninc chain, tho 
axis of which is continuous as far as Nottingham, ^^■here it dips 
beneath the Secondary formations, and though not yet discovered 
in the London area, it may yet he found to the west. 

The Trias was only revealed in the Gay ton boring of the North- 

* R. Godwin- AuBton, Quart. Journ. Gool. Soc. vol. xii. 
t Etheridge, Quart. Journ. Geol. Soc. vol. xxxvii. p. 231. 

aJ.G.S. No. 159. 2 L 
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ampton area, and only 60 feet in thickness, which, compared with 
the thick deposits found on the borders of Northamptonshire and 
Warwickshire and again at Burford t, in Oxfordshire, shows that 
the Trias thinned out against the exposed plateau in the Northampton 
area, some parts of which were not entirely submerged till late in 
that age ; and then it is doubtful whether the Trias reached beneath 
the town of North ampion, for the deposits between the Lias and 
the Carboniferous at the Kettering-road boring are not true Trias, 
but may be littoral or lacustrine beds. Again, this latter boring is 
situated midway between the Kingsthorpo Shaft and the Station 
boring, which arc only 3 miles distant from each other, and I think 
that we may safely (‘on elude that the sandstones, conglomerates, 
and marls discovered in these two earlier investigations are not 
New Red Handstone, as then stated, but are identical with the 
abnormal series at the Kettering-road boring. No mention is 
made of the discover}' of the Wliite Lias and Rhaotic in the earlier 
borings, nor was it found at the Ketfc'ring road. 

In examining the thickness of the several beds and the compara- 
tive depths of the five borings, which arc^ almost in one straight 
line ranging north-east and south-west, it wnll be noticed that the 
old land-surface at Orton is considerably higher than the others; 
the surface at Gayton is also high : but the Kettering-road boring 
shows a great depression, ;This may i>artly account for the ab- 
sence of the AVhito lias and Rbmtic, and the sandy appearance 
and uneven bedding which the lower ])arts of the Lias Clay pre- 
sented in this boring, and which -was not noticed at either Orton 
or Gaydon. 

With the discovery of the Carboniferous series at Northampton 
the (jucstion naturally arises as to the jirobabiliiy of a concealed 
Coal-field in the iicighhourhood. The abortive boring for Coal at 
Orton has proved the absence of any in the north part of the 
county ; but with the Carhoniferous rocks dipping rapidly at Gayton 
(in what direction it was not ascertained, but there can be little 
doubt that it is south or south-west) wc have reason to believe that 
to the south-west, possibly extending to Burford, where the Coal- 
measures were discovered, the much-dcsired Coal-beds may yet be 
found, beneath South Northamptonshire, Bnekinghamshirc, and 
Oxfordshire, and at a workable depth. Also that between the 
exposed Coal-measures of Atherstone and Nuneaton and the Car- 
boniferous Limestone at Northami)ton J there may extend a Coal- 
tract beneath the overlying Triassic series, which thins out towards 
the east. 


Hull, ‘ Coal-fielde of Great Britain,’ 4th edit. p. 529. 
t Etheridge, ‘ Pop. Sci. Reriew,’ July 1879, p. 290. 

J Etheridge, Quart. Joum. Geol. Soc. vol. xxxvii. p. 231. 
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YI. Tabular Summary op the Borings. 


) 

Strata. 

a 

1 

s 

L. & W. E. Station. 

Kettering road. 

Kingsthorpe. 

Orton. 


ft. 

ft. 

ft. 

ft. 

ft. 

SurraCT-aoil 

7 

20 

4 


10 

Oolite 



14 

120 

1 

UyijX'r-Liay elay 

1 


I5;i 


Middle Lias (rock-beds) . 

20 

20 

21 

1700 

056 

Lower- Lias clay 

55:3 

550 

54(> 

1 


White Lias 

14 





Kluetic 

22 




n 






i ri;!S 

oO.l 





S.indstoiies, Marls, cV- 


54 

071 

87 

24 1 

Carhonit'orous doloniitc 



25 


1 

CarboniferOjis Uiriestonc and shale 





1 

(littoral at Gayton) 

22^- 


20.1 



Lower Carboniferous limestones and 






sliale.s 

79 





Lon’er Carboniferous sandstones ... 

40 




8 

liOwcr Carboniferous marls 

71 





Coarse', red sandstones, with grits 





1 felsito. 

and marls 

105 




^ 74 






1\.»tal depth 

994 

(i50 

sr.i 

907 

789 

ITeight of boring above sea-level 

282 

191 


874 

874 

Lowest depth attained below sea- 






level 

712 

459 

578 

598 

415 

Deptli of old land-surface Ik?1(vw 

i 





sea-level 

417 


527J 


341 







Discussion. 

The President (‘X])ressed his sense of the groat value of this 
communication. 

]Mr. Etheitidce spoke of the care and skill displayed by the 
author in following and preserving the results of these interesting 
borings. He believed the red beds at the bottom of the Gayton 
boring to belong to the Old Bed Bandstone. He regarded the paper 
as throwing much light on the character of the great Palaeozoic 
floor of central England. He had identified about twenty-five 
species of fossils from the Carboniferous rocks. 

Prof. Born Dawkins expressed his thanks to the author of the 
paper for the facts described, though he could not accept the gene- 

2l2 
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ralization of Mr. Etheridge. He thought there was no proof of the 
non-exislence of Carboniferous basins in the central area. The 
absence of coal in the district was not proved. He praised the 
author for his caution in expressing doubt as to the age of the red 
rocks met with at Gay ton. 

Prof. Jfi)d pointed out that while only one deep boring was 
known before in the N^orthampton area, the author had added re- 
cords of four others, three of them from his personal observations. 
He thought that as normal Trias had occurred iu three of the four 
borings near Northampton, the abnormal beds in the same position 
at Kettering road were probably of the same age, though perhaps 
in an altered condition. He was inclined to refer the red beds at 
the bottom of the Gay ton boring to the Carboniferous rather than 
to the Old Ked Sandstone, seeing that these red strata alternate 
with ordinary Carboniferous sandstones full ol‘ plani;-remains. He 
compared these Carboniferous strata with the Calciferous Sandstone 
series of Scotland. 

Dr. Hicks asked if the brcc^cia at a depth of 71 2 feet in the Orton 
boring had been carefully examin(‘d. He thought it contained 
fragments of a crystalline limestone and of the underlying (juartz- 
felsite, and was worthy of the most careful examination. 

Mr. Collins asked if tbe^ amount, as wdl as the direction, of the 
dip of the rocks was unknown. 

The Peesident stated that the breccia at Orton had not been 
among the specimens forwarded to and examined by him. He 
thought the quartz-fclsite of Orton resembled the rock of High 
Shar])lcyin (nmrnwood in its general cliaracteristics ; audit further 
agreed with it in presenting a strong cleavage at a high angle. It 
had also some resemblance to the Ih'c-Cambrian quartz-felsites of 
North Wales. He thought the quartz-felspar grits, which, unlike 
the Torridoji {Sandstone, had a calcite matrix, proved the proximity 
of a granitoid axis. 

The Autjtok snid tlie older rocks had a dip of from 45*^ to 50^', but 
the direction could not be made out. He had admitted in the paper 
the possibility of concealed coal-basins existing in the country to the 
southward. 
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to that of greatest curvature evident from its greater length and 
convexity. Calice elliptical in outline, measuring 1| inch by 1 inch, 
the minor axis being the plane of bilateral symmetry and containing 
the fossula. Septa about 40 jirimary, with traces of an intermediate 
series. Septal fossula deep, arising from tho more convex side and 
extending a little beyond the bottom of the calice. 

Ohs. The coral here described is in an imperfect condition and 
has lost all trace of wall or epi theca, the outer surface being ver- 
tically marked by the edges of the actual septa and endothecal 
structures. The contour of the calice does not a 2 :)pear to be due to 
crushing, although a slight distortion is perceptible. The general 
form, on the contrary, suggests comparison with Z. lingula ^ Eominger, 
from the Corniferous Limestone of the Palls of the Ohio ; but from 
this it is distinguished by its greater size and smaller se 2 )tal number 
{Z. lingula, Kom., has 90 - 100 septa). 

I venture to suggest tlie S 2 )eciiic name of Z, calccoloides for the 
present fossil. 

Log. Mudstone Hay, in passage beds at the base of the limestone 
of Berry Head (Middle Hevojjian). 

CAMPorHYLiTJM, sp. ? (]4ate XXI. fig. 2.) 

This is a polislied section of a coral, taken just below the general 
floor of the calice, but cutting through a well-]narked septal fossula, 
which is seen filled with the surrounding matrix. It measures 2 
inches by 1 inch 7 lines, but is somewhat oblique. The direction 
of vision is upwards or towards the calice, which is seen in a worn 
condition on tho reverse side of the section. 8ei)ta about 1)2, of two 
orders. The 2 )rimaries extend to near the centre ; the secondaries 
are barely half as long. There are some tabula? to be seen in the 
space below the fossula, and an outer zone of vesicular endotheea. 
lliesc are omitted in the drawing, being in the original rather 
faintly indicated compared with the septa. 

Ohs. The endeavour to decide to what; genus this sj)ecimen 
should be referred has caused me much perpk?xity. rerha])s it may 
be that my sole justification for introducing it under the title of 
this paper is its i>ossession of a 'wcU-defined septal fossula. Dr. 
Romingcr* has argued that Messrs. Mibje-Edwards and Haime 
have set an undue value uj)on tho presence of a soifial fossula (or 
‘‘ fovea ”), and that many of their so-called Zaphrentes have the 
essential characters of Cyathophgllam. Mr. James Thomson •f* has 
also shown that ;i se])tal fossula is a common feature even in 
groujjs of corals that are in all other respects widely sojjarated. 

At any rate the i)resent sjieciirien has far too complex an endotheea 
and perhaps too limited a “ tabulate ” i^ortion thereof, besides the con- 
siderable development of the secondary sci)ta, to bo classed as a true 
Zaplirentis. It approaches Campophyllum, but it would be advisable 

‘ Corals of Michigan,’ j). 141. 

t “On the development and generic relations of the Corals of tlie Carboniferous 
System of Scotland,” passim. 
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to leave its place an open question, ponding the discovery of more 
perfect material. 

Loc. Mudstone Bay, the same as the preceding. 

Lophophyllitm, sp, ? (Plate XXI. figs. 3 a, 3 6 .) 

This pretty little coral is seen as a polished section, the diameter 
of which is f inch. It has 64 septa, of two orders. They are 
thick externally, appearing granulated (or striated?) laterally, 
but more slender near the centre ; those of the second order reach 
half way. A large primary septum extends slightly beyond the axis, 
and is clavate at its inner extremity. The septa on each side of 
the latter form a fasciculate group, and arc irregularly soldered at 
their edges, the; same tendency to coalesce being observable in the 
septa opposite the primary. The endothecal dissepiments are fairly 
numerous, and a delicate epitheca can be recognized. 

Ohs. it is with much hesitation that I refer this specimen to 
the genus The sei)tum in the fossula of a true 

Zaphrcntis is always less developed than the remainder. The fossil 
has not the aspect of a llaliia^ but the clubbed end of the primary 
septum appears to play the part of an essential columella. 

Loc. From Triassic conglomerate. Hole Head, near Teignmouth, 
a spot which has ])r()(liice(l a very large number of the Devonian 
corals of Devonshire. 

Zaphriiinits, sp. nov. ? (Plate XXI. figs. 4 u, 4 6 , 4 c.) 

This is the lower ])ortiou only of a tall and, so far as one can see, 
straigiit ZaphraiUs, tliat measures 5^- inches in length both ends 
being rather imperfect. On the lloor, exposed by fracture, there are 
76 septa, of two orders. The principal ones arc rather Ilexuous and 
nearly rea(*h the centre as low crests on the tabnlm. The secon- 
daries, as in all the t rue congeners, are jiiinute, in this case under a 
milliiiietie. Tlie septal fossula is well characterized, placed on the 
side of least curvature, and is produced as a elcillow groove beyond 
the central axis. The epitheca is rather thin. 

Ohs. It may appear somewhat paradoxical to speak of ‘‘ the side 
of least curvature” in a coral described as being straight. Xeverthe- 
less, reasoning from all analogy, we may probably be safe in assuining 
that, where the planes of the tabuhe are incliiu;d to the longitudintfi 
axis, the side towards which they dip does correspond morphologi- 
cally to the side of least curvature. 

Loc. lliU-Park quarry, Dartington, in Middle Devonian limestone. 

ZArnKENTis, sp. nov. ? (Plate XXI. figs. 5 a, 5 6 .) 

This coral has the walls of its calice much broken down, and its 
b£Lse imperfect. When complete, it may have measured nearly 3 
inches in height, and is covered by a strong epitheca. The calice, 
which is circular, is 1 5 inch in diameter. There are 50 principo,! 
septa, which extend irregularly to the centre; minute secondary 

♦ Only the lower part of the coral is figured. 
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septa can be recognized between them. The surface of the tabulee 
is very uneven, and appears to have small blisters and a pitted 
aspect between the ends of the septa. The fossula is very deep, 
formed chiefly by an inflexion of the tabuloa, and some of the 
adjoining septa bend towards and partly enclose it. There is no 
marked curvature in any direction. 

Ohs, We have here characters which appear to come very near to 
the genus Streptelasma^ Hall. They consist in the confused nature 
of the central area above mentioned ; but there is no distinct twisting 
of the septa such as the name implies. liominger, however, regards 
Streptelasma as only a subgenus of ZapJirentis^ and so far as the 
twisting of the septa is concerned, his figures of Z, Stohesii, M.- 
Edwards, certainly have it no loss than Street, corniculum, Hall, 
on the same plate *. Consequently, on the principle that the 
greater includes the less, I leave the specimen provisionally in 
Za'phrentis f. 

Loc, Pit-Park quarry, Dartington, in dolomitic beds of Middle 
Devonian limestone. 

{Note , — I refrain from suggesting specific names for the last two 
specimens, although they seem quite distinct ; but my knowledge 
of the American forms being very limited, it might only lead to 
confusion were I to attempt it.] 

Amplexus or Zapheentis ? (Plate XXL fig. 6.) 

Casts in dolomitic limestone similar to the one here drawn are 
common in the Dartington limestone at certain spots. The surface 
of the tabulae is generally smooth, but faint lines from some of the 
principal septa extend nearly to the centre. The latter number 
about 40, a rudimentary series existing between them connected by 
sparse dissepiments. No septal fossula is visible, but probably such 
existed, at least on the upper floors. 

Jjoc, Dartington, im dolomitic beds of ]\Iiddlo Devonian limestone. 

Zaphmntis, sp. (Plate XXI. fig. 7, and Plato XXIII. figs. 1 u, 

Epitheca strong; septa 66 and 78, of two orders, of which the 
principal ones extend some way towards the centre, whilst the 
secondaries are scarcely more than rudimentary. The position of 
the fossula can be noted in both specimens ; but a deceptive aiipear- 
ance of it has been given to the specimen PL XXJ . fig. 7. The len- 
tieular dark spot at the bottom of the figure is accidental, and is not 
me fossula. That feature can be observed in the original (in the 
British Museum) nearly opposite to the dark spot, but the artist 
has failed to represent it. The figure, unfortunately, does not give 
the details well, being too diagrammatic. 

Loc. PI. XXI. fig. 7 (Brit. Mus.), Woolborough quarry, near 

* L. c. pi. li. 

t It is well to be on one’s guard against being unduly swayed by strati- 
graphical considerations in estimating the value of two closely allied genera or 



Newton Abbot. PL XXlll. fig. 1, Lummaton 
quay, both in Middle Devonian limestone. 

Zapheentis (or Amplextts ?). 

General form cylindro-conical, curved. Height 4 inches, diame- 
ter of the calice about 1| inch. Epitheca strong. Principal septa 
64, with a secondary series which are very minute. The former 
are thick : they extend horizontally J to ^ inch from the epitheca ; 
vertically they extend down the sides of the calico, which, in part 
of the periphery, is complete. The upper tabula is (juite smooth for 
a space measuring an inch in diameter, the septa terminating at its 
margin. The fossula is well defined, hut restricted to the septal 
area, and appears scarcely, if at all, to depress the tabula. It is 
many degrees out of the median jdane of curvature, hut is nearest 
the greatest .curve. 

Ohs. This coral, from its large smooth tabulae, approximates, in 
some respects, to Ampleocus ; but the most characteristic forms of 
that group (e. g. A. coralloides, 8hy.) are totally devoid of secondary 
septa. This is a more reliable point for their generic diagnosis 
than the greater or less extent of the septa across the tabulae 

Loc. Orchard quarry, Dartington, in Middle Devonian limestone. 

ZArnKENTis BT7BGIGANTEA, nov. (? vjir. of Z. (ji(jantea^ Lesueur). 

(Plate XXII. figs. 3, s . >.) 

Little or nothing is knowm as to the length and degree of curvature 
of these large corals. In transverse section they are circular, measur- 
ing about 2 inches in diameter. Epitheca strong. Septa from 110 
to 124, of two orders. The principal ones can be traced almost to 
the centre as crests on the tabuhe. The secondaries scarcely attain 
4 millimetres, including the epitheca. They often bend towards the 
primaries, and are united by a few dissepiments (or rather the sub- 
divided margins of the tabulae). These latter are large, and virtually 
extend across the entire visceral chaiuber. The fossula (well seen 
in fig. 4) is formed by a deep intlexioii of the tabulie, the septa 
bending round with the margin of the depression. In that example 
four principal septa can be seen within the circumscribed area, but 
these minor appearances would not be constant in all transverse 
sections. 

Ohs. There can be little doubt that these three specimens belong 
to the same species. Eig 3 has an illusory aspect of great stout- 
ness of the 8ei)ta and other parts of the sclerenchyma. This is 
due to crystaUization perpendicular to their surfaces, as the line 
representing the actual plate can be clearly observed in the midst. 

In the local (Devonshire) museums, almost invariably, the Za- 
phrentoids with wide tabulae have been indiscriminately referred to 
Amplexiis tortuosus, Phillips; and this fact has been somewhat pre- 

* For opinions touching tho relations of these genera, consult Rominger, L c. 
p. IfiS, F. Romor, Z. c. p. 302, J. Thomson, L c., Zittel, &c. As a whole, they 
are regarded as broadly separable. 
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judicial to their correct generic diagnosis. With regard to Phillips’s 
species let me quote Messrs. M.-Ed wards and Haime They say : — 
“ Professor M®Coy justly remarks that the specimens described by Mr. 
Phillips were young individuals, and mentions a gigantic specimen, 
the diameter of which was 1 inch 9 lines.’* Hence it is clear that they 
rival in size the corals now before us. I may add that a portion of 
A. tortuoms (now on the table) considerably exceeds the size given 
by Mr. M'^Coy ; but I notice this difference between them and the 
present subject: all the septa are much more rudimentary, and 
they appear sunk in the substance of the epitheca (or theca ?), from 
which they differ by having a more opaque, and consequently 
denser, tissue. The}" consist of one order and are about 62 in 
number. A fossula is rarely to be seen, and when present it is (juite 
marginal and siphunculoid. 

After consulting several works and tlie British Museum collec- 
tions, I can iind ]io species at all ajiproaehing these sections except 
Z, (jujanieiif Lesiieur, ii om the Coniilbrons limestone of Xorth Ame- 
rica t- With this, however, if we make allowance for the short 
pieces available from the Devonshire rocks, they agree in essential 
particulars, llominger gives loU-Khl septa for the American coral, 
whilst the highest number in my li. XXII. is 124. If we pro- 
visionally adopt the name Z, sithjf'Kjanfca, the qualifying prefix can 
be droiq)ed if a closer ap 2 n'oxii nation should be 2 )roved. 

Horizon and loealiiieH . — In Middle Devonian limestone; figs. 2 
and o (Brit. Mus.), '\Ai)olborougli quarry, near Xewton Abbot : fig. 4, 
Luramaton quarry, near Torquay; fig. 5, in black-marble (juarry 
near Wolfsgrovc farm, Bisho 2 )steignton. 

ZAniiiEXTis MUDSToxENsis, sj). uov. (Tlatc XXIII. fig. 2.) 

Calice oval, measuring inch by inch, moderately deep. 
Principal septa Bl, strojjg and straight, extending to the bottom of 
the calice, where they unite on the margin of a smooth, well-defined, 
central portion of the up 2 )ermost tabula. The merest rudiments of 
a secondary series can be observed close to the periphery. Sejffal 
fossula well defined, situated on the longer side, extending to the 
margin of the central area, and containing a septum which is shorter 
than the remainder, but included in the number stated. 

Ohs. This coral cannot be confounded with any British Devonian 
Bjjecies hitherto described. It is to be regretted that the figure does 
not do it justice, the original being in a. finer state of preservation 
than one might sup])ose from the figurej. I have observed portions 
of one or two more individuals that I took to be identical with this. 

Horizon and Localiiy, The horizon is lower in the series than 
that of any other species described in this communication, being the 
light-grey mudstones which form the hollow of Mudstone Bay, 
beneath the limestone mass of Berry Head and Sharkham Point. 

* L. c. p. 223. 

t llominger, 1. c\ p. 46, pi. In. 

f This is from no fault of the artist, as a small coral (previously drawn) 
had to be erased, after which the stone was not susceptible of fine work. 
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As a specific name, Z, mudstonemis would perhaps not be open to 
the usual objections to a local appellation, inasmuch as it would 
serve to recall its horizon in a well-known coast-section. 

Amblexub tortuosus, Phillips. (Plate XXIII. fig. 3.) 

My object in introducing this figure of a described species here is 
twofold : first, for the purpose of comparison with corals herein 
referred to Za^jJireniis ; and secondl}’ because it shows distinctly the 
quite marginal siphunculoid Ibssula, and that tlie septa are of one 
order only. The iigures in the ‘ British Possil Corals ’ (Edwards 
and Haimc) give no indication of the fossula. The septa number 
62, and are very short. Those on the left of the figure above arc 
drawn too long, haviug been confounded with some radiating crys- 
tallization. 

Loc, Quarry near Wolfsgrove Earm, Bishopsteignton, in Middle 
Devonian limestone. 

CvATHopnYLLra ? JULATERALE, sp. uov. (Plate XXIIl. figs. 4 a, 4 6, 
4 c, & 5.; 

Figures 4 a and 4 h arc views of two transverse sections of an 
individual coral of unknown length, and measuiiiig 2J inches in 
diameter. Traces of the epitheca still remain, but it is clear ibat 
the surface is, on the whole, somewhtit abraded. 112 septa of two 
orders, the primaries stopping a little short; of the centre, the 
secondaries from two thirds to three fourths as long. The bilamel- 
late character of the septa is very distinct. There is a large septal 
gap or fossula, filled with vesicular tissue, against the sides of which 
the principal septa abut, and partially aflect a pinnate arrangement. 
The endo theca is veiy abundant ; in the intermediate zone these 
structures unite the septa as ordinary vesicular dissepiments, and 
outwardly become co] if used witli a multitudes of plates which branch 
from and often return into the same septum, causing a generally 
vesicular condition, through which, nevertheless, the septa are never 
completely lost sight of. 

Ohs, The specimen in question is an extreme type of a great 
number that occur in South Devon. It was found by a lapidary of 
Paignton, to wliom I had mentioned the locality, and before 1 had 
an opportunily of a veto, met with the usual fate of being cut into 
a number of transverse slices, two of which are in the British 
Museum. They at least show that the fossula is a continuous 
feature. If it be simpty a variety of Cffathop/ij/U tfm damnoniense, 
Lonsd. sp., i can only say that I have never before observed 
indications of bilateral symmetry in that species ; the most perfect 
calice of C, damiioniensc that has come under my notice is one I 
brought from the Eifel, and it shows nothing of the sort. It is 
further, in my opinion, equally or more entitled to a place in Cysti- 
phyllxmi (in which genus Lonsdale originally placed it) than in 
Cyathophylhmi ; and in this respect 1 am quite in harmony with 
the views held by Mr. Etheridge, junior. I also believe the Eifel 
specimen to be distinct from the present coral. 
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There still remains G, ceratitesy Goldf., to* he consulted in relation 
to this subject. To that species Edwards & Haime * referred the 
large individuals given on plate xvi. of Goldfuss f as C, turhhiatum ; 
but no transverse or longitudinal sections were given. The same 
authors mention “ one or two small septal fossulse.” My impression 
is, that more requires to be known of C, ceratites ; it may be a 
common Devonshire coral, but of this I cannot speak with 
certainty. 

My fig. 5 clearly belongs to the same species as fig. 4. It has had 
all the outer part of the calice worn down, but I have succeeded in 
developing the central part, which shows the largo fossula. The 
species may provisional^ be named GyathopliyJlum ? hilaterale^ but 
may ultimately be placed with a known form. 

Loc. A quarry in Devonian limestone and shale on the south 
bank of Tuckenhay Creek, on the Dart. 

Summary and Conclusion. 

The above descriptions of the material I have had to work upon 
are but imperfect, and in their very nature tentative ; to no one 
can this statement be truer than to mj^self. The Devonian corals 
are difficult ; they present very different aspects according to the 
condition and mode of fossilization, even of well-known species, and 
the less the number of individuals forthcoming of any form the more 
should one pause before asserting its distinctness (whatever specific 
distinctness may mean). 

But to sum up that which has been advanced, in the first place, 
with regard to the main j)roposition, viz. the occurrence of Za- 
plirentis in our Devonian rocks. As above hinted, there is probably 
much more material in collections than what is realized. Thus, 
since the plates were drawn, 1 have again looked through the 
collection of the Torquay jN'atiiral History Society, and have also had 
the advantage of seeing some Devonian corals lately presented by 
Mr. Luxmore to the British Museum, and in both cases have fully 
satisfied myself that genuine Zaphrcidcs are included. Whilst, 
however, affirming the fact, I do so with no intention of conveying 
the idea that it is any remarkable discovery. In fact, on d 
priori grounds, it is no more than might well have been anticipated, 
and perhaps the wonder is that it should have hitherto escaped 
recognition. 

In the second place, there are certainly three out of the seventeen 
specimens figured which have been regarded as not strictly admis- 
sible, even as Zaphrentida?, although exhibiting bilateral symmetry. 
From these being exceptions, and from my having arrived at the 
conclusion after mature consideration, the legend of the plates was 
not altered on their account. 

This brings us to another point, viz. — What are those correlations 
of structure upon which we may best rely for a definition of the 
Zaphrentidge ? We have (1) the successive complete floors, the 

* Brit. Foss. Cor. p. 224. t ‘Petrcfacta Q-eriu anise.’ 
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leading character upon which the generic name was founded (fa- 
(ppePTis ‘‘strongly-floored’’). Correlated with this, we have (2) 
well-defined septal characters, notably the fact that, except near 
the periphery, their continuity as vertical plates is arrested by the 
floors, on the upper surfaces of which they only rise as crests. But 
this is not all ; (3) the rudimentary condition of the secondary septa, 
taken in conjunction with (4) the almost complete absence of 
vesicular endotheca, forms a signal instance of correlation of struc- 
tures. The only approach to the latter condition is an occasional 
marginal subdivision of a tabula, usually with an outward dip*. 
Lastly, there are (5) the septal fossula and other signs both external 
and interna] of bilateral and, more rarely, of quadripartite symmetry. 
Though so strikingly developed in Zaplirentis^ these characters are 
very feeble in AmpleociiSy whilst, on the other hand, they are shared 
by many CyathophyllinaB and Axophyllinae, as weU as the Diplo- 
cyathophyllidso of Mr. Thomson. 

So far within the theca : the external characters arc well known 
from better examples than any 1 can produce from Devonshire; and for 
this reason the w^ord “ costae ” does not once appear in the descrip- 
tions. I can only describe what I see. The “ aj^ertural gap ” of 
Eominger, with costae pinnate on both sides of a parallel pair, the 
“ lateral gaps ” with pinnate costae meeting parallel ones, — these 
and other characters are fully set forth by Eominger, Dr. Duncan, 
and others. 

Whatever corals fail to satisfy the above conditions should, in my 
opinion, be excluded from the ];)alc of the Zaphrentidie, how long 
soever they may have hept their place on sufl'erance f- 

The Zaphrentidae perhaps exemplify the salient characters of the 
Eugosa more than any other family, except only Lindstrum’s “ oper- 
culate corals ” with their strange angular forms. They stand far 
apart from those Cyathophyllidge which, according to Dr. Duncan, 
])ass by insensible gradations into the groat class Aporosa of sub- 
sequent ages ; but that they are the skeletons of Hydroid, and not 
Actinoid polyps, 1 cannot for a moment bring myself to believe, 
although this opinion is licld by so high an authority as Agassiz. 

In conclusion, my best thanks are due to ^lessrs. Etheridge, 
senior and junior, for the ample assistance and valuable hints they 
have afforded me, and the free use of any British-Museum specimens 
bearing on the subject. 

* Contrast with this the multitndo of vesicles filling the interseptal loculi in 
corals whose secondaries attain, say, half or more of the length of the primaries, 
as in the Oyathopliylliila!, Axophyllimn, <fec. Tliis, again, is correlated with a 
proportionate restriction .ot the tabulae to the central area, a restriction that 
sometimes approaches the vanishing point. 

t 1 have jua< for the first time studied ZitteVs beautiful ‘ Handbuch der 
Paliiontologie,’ and observe that tlie above opinion as to the jiartial dismember- 
ing of the Zaphrentidae has been forestalled. The genus Hallia,vfhiG\i was 
especially before my mind, has been placed under the head Pleonophora (the 
second subfamily of Diaplirugmatoiwiora, Dyb.) ; and the discoid genera of 
which Hadrophyllum forms a type, have been placed under the family Palseo- 
cyclinae. 
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Plats XXI. 

Pig. 1 (a, h). Zcmhrmtis cdlceoloides^m^. Mudstone Bay. 

2. Campcmn^lhim ? Mudstone Bay. 

3 (a, b). LophophyUwn ? Hole He^, near Teignmoulli ; 3 b, enlarged 

2 diam. 

4 («, bj c). Zaphrentis, sp. nov. ? (lower part). Parti ngton. 

5 (a, 6). Zaphrentis, sp. nov. ? Partington. 

6. Amplcxits (or Zapnrentis). Partington. 

7. Zaphrentif^, sp. Woolborough (Brit. Museum). See also Plate 

XXIII. fig. 1 (a, b). 


Plate XXII. 

Fig. 1 (a, b). Z,aphrmtis (or Amplcxm), Partington. 

2 ?, 3, 4, 5. Zaphrmth buhgigantea^Tim\i\ (or \ar. of giganfea, Lesui 


Plate XXIII. 


7. Lummaton, 


Fig. I (of, b), Zaphrentis, sp., see Plate XXL 
Torquay. 

2. Zaphrcnth mudstonenm, mihi, in shale or mudstone. 

3. Amplcxub torfuosus, Pliillips. Bisbopsteigiiton. 

4 {a, b, c) & 5. Cyathophyllum ? biJateralCy mihi, Tuckenhay C 

the Part ; 4c, enlarged 2 diam. 


Discussion. 



Prof. Duncan said that a more accurate definition of the Rugosa 
was very desirable. The author had wisely abstained from estab- 
lishing new genera, or giving new generic diagnoses, while, at the 
same time, he furnished many details of character which would 
prove most useful in a generic revision of the group. He inquired 
whether the costal characters of the species could be ascertained. 
In his opinion the Mesozoic Corals or Aporosa were not the descen- 
dants of the Rugosa ; and, in fact, it might be regarded as doubtful 
whether the latter arc corals at all. From the great difiiculty of 
understanding their nature, all precise details of structure, such as 
those described in the j)resont paper, wore of much importance. 

Mr. ETHERinoE remarked that the author had worked most indus- 
triously upon the specimens contained in the British Museum collec- 
tions, to which, indeed, ho had very libenilly contributed. The 
results given in the present paper were drawn from the investigation 
of a large number of specimens, and add much to the knowledge of 
the Zaphrentidae. 

The Author in reply thanked the meeting for the reception given 
to his paper. Few localities in Devonshire furi^ish specimens show- 
ing the external characters well. 
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37. On the Pre-Cambrian Eocks -o/ Pembrokeshire, with especial 
reference to the St. Daviess District. By Henry Hicks, M.D., 
F.G.S. With an Appendix by Thomas Davies, Esq., F.G.S., of 
the British Museum. (Bead May 14, 1884.) 
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I. Introditction. 

The papers on the Pre- Cambrian Eocks of St. David’s which I com- 
municated to the Geological Society in the years 1876, 1878, and 
1879, gave the facts concerning those rocks so far as they were then 
known. Since then I have revisited that district on several occa- 
sions, and have been able to obtain very much additional informa- 
tion in regard to them. Most of this has proved highly confirmatory 
of my previous conclusions, and it has shown that aU the main points 
insisted upon in those papers arc correct. Some of the evidence 
has tended, however, to cause me to adopt minor modifications of 
the views expressed ; but this is only what I was quite prepared 
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to expect, as further researches were being prosecuted in this and 
other areas. The growth of the question, so fraught with difficulties 
at first from its novelt}' and from the want of that special know- 
ledge which time and exjicricnce alone can give, has been, I readily 
confess, ‘‘ a process of development during a course of years.” Ot 
this I am not in tlie slightest degree ashamed ; for as my solo object 
has been to arrive; at the truth concerning these rocks, I have always 
been anxious to correct errors when made clear, as the result of fuller 
information, and also when they have been ])ointed out at any 
time by those whose sj)ecial exj)erieuce einibled them to do so. 

The additional iiifonnation now submitted has been gradually 
accumulated since; my last paper was read in ]S7b: and it was 
reserved only that it might ])c jdaced in as complete a manner as 
possible before the Soei(‘t y. 

The ])aper on th(' liDcks of St . David’s, communicated to the Society 
by the Din'ctor-fjoneral of th(; (ioologieal Survey, in March and 
April of last > (!ar, 1ms compelled me to re-examine and therefore to 
refer again to nniiiy points which otherwise 1 should not have 
thought it n(‘C('ssary to trouble the Society with, believing that they 
had Ix'cn sutliciently d(‘alt with and satisfactorily ])roved, either in my 
])reviouH papers or in communications dealing with similar questions, 
by such exiKTiencod observers as Prof. Donney, IVof. Hughes, and 
others. The Director-tiem'ral in his ]>a]>er says that he entered upon 
this controversy with extrenu’ reluctance, “but it; was from a sense 
of duty that ht‘ came forward and defemh'd the view s of his prede- 
cessors.”* It s<‘eins reas(Miahlc to gu])j)ose, how’twer, that before 
claiming the woik of liis ]»redec('s>oi'.s as corn'd , which had heen done 
so v(‘ry many yc'ars hedbre, wlieii these; questions bad not arisen, 
he would liave seriously analyzed any aj>parently eonflicti]]g evidence 
brought foi'ward since thmi, and also that, in the face of recent 
knowdedg(! ohtaimd by new methods of investigation, he wmiild 
have endeavoured to make himself thoroughly ac(]uainted with the 
nature and hehavioiir of these r<»cks in all the Welsh areas, and have 
visited all jdaces of inqjortanee where intbrmation could have been 
obtaiiU'd. Had lit* done this it would, it may be jn'osumed, have 
prevented him from making very many of the statements cojitained 
in his pa]»er, and of eommitting the serious errors which 1 am 
compelled now, in self-detence, to point out. 

As the eontrovorsy now stands, it must necessarily appear that 
the views of the Survey, as expounded hy its chief, aie entirely at 
variance wdth those held outside the SiiiTC}-, by thosc‘ who huAc, 
of recent years, devoted all their time to the (‘xaniination of the 
Pre-tlambriaii questions in Britain. This is, to say the least of it, 
an unfortunate circumstance, since necessarily any alterations in the 
Geological ma])s can only bo done through the Survey, and unless 
such corrections are nuide from time to time as new information is 
forthcoming, the ma])S soon become almost valueless. 

* Quart. Journ. Geol. Soc. vol. xxxix. p. 333. 
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II. Corrections in the Maps suggested in the previous Papers. 

The points mainly insisted upon in my previous papers as re- 
quiring? correction are the following : — 

1. The patch coloured in the Geological Survey map as intru- 
sive syenite and feUtone, extending from the coast to the S.W. of 
St. David's, under that city and to the N.E., in all about 7 miles 
in length, consists of granitoid rocks, of porphyritic qnartz-felsitos, 
of fine-grained (luartz-felsites (old rhyolites), of hiillcliintas, porccl- 
lanites, and of breccias, and these arc of Pro-Cambrian ago, and 
therefore cannot possibly be iiitrusiv^e in the Cambrian rocks as 
indicated on tlie Tnai>s. Moreover, tlic terms syenite and intrusive 
felstone, T maintained, were petrologically eitlier incorrect or utterly 
inade(piate to indicate such diverse rocks, some of wliich could be 
clearly proved to l)e of sedimentary origin, and others volcanic ashes 
and breccias, &c. 

2. To the N.E. of tliis area, near Idanreithan, another j)atch 
about a mile ;ind a (juarter long, also coloured as intrusive in Cam- 
brian strata, was shown to consist of old rhyolites and breccias of 
Pre-Cambrian ago. 

Jk Tlu^ so-called granite on the shore to the south of Pointz Castle 
was stated to bo made up of quartz-fclsites of Pre-( Cambrian ago ; 
and th(? great granite i)at ch shown on the ma]) as extending in a N.E. 
dir(iction from near the rocks last referred to, for about five miles, 
was claimed to bo composed of granitoid rocks like; those to tbeS.W. 
of 8t. David's, and also, like the latter, to be of Pre-(bimbrian age. 

4. The patches coloured as porplnries and folstones intrusive 
in Cambrian and Silurian strata to the south and oast of the so-called 
granite patch, and forming the elevated areas of Koch, Trefgarn, aud 
Ambleston, with broken lengths extending altogether for from 8 to 
U) miles, were also stated to consist mainly of quartz-fel sites (old 
rhvolites), breccias, and hiilloflintas of l*ro-Cam])rian ago. 

5. Ptotu riling to the immediate neighbourhood of St. David’s, it 
will be observed that the differences between my views and those 
indicated on the Survey ma]>s are ver^’ marked. The extensive 
area coloured there as altered Cambrian, to the W. and N.W. of 
St. David's, was stated by mo to contain rocks totally unlike those 
which had been in this district and elsewhere classed as Cambrian ; 
and evidence was given to show that the latter rested unconform- 
ably on the rocks called altered Cambrian, hence proving that it was 
necessary to class the latter as of Pre-Cambrian age. 

6. I pointed out also that the long patch of so-called intrusive 
greenstone in the Survey map, extending in a N.E. direction from 
Ramsey Sound, consisted mainly of acid breccias, but with a few 
basic dykes, sheets, and ashes ; and that other patches of so-called 
intrusive greenstone in the southern portion and making up nearly 
two thirds of Ramsey Island, instead of being basic rocks at all, 
were composed of acid types of rocks, mainly porphyritic quartz- 
felsites, old rhyolites, breccias, &c. 

The above views, if correct, would necessarily change nearly the 

Q.J.G.S. No. 159. 2 m 



510 


H. HICKS ON THE PRE-CAMBRIAN 


whole interpretation of the Survey map in the immediate neigh- 
bourhood of St. David’s; therefore it was but natural that the 
Director-General should, as stated in his paper, before admitting 
corrections of the views expressed upon the maps and sections of 
the Geological Survey,” only do so after an “ actual inspection of 
the ground ” 


III. Dr. Geikie’s Conclusions. 

The object of his paper communicated to the Society is stated by 
Dr. Geikie at p. 2()0, to be “ twofold — first, to discuss the evidence 
for the assertion that Pre-Cambrian rocks exist at St. David’s, and 
secondly, to lay before the Society an outline of what appears ” to 
him “ to be the true structure and geological history of that district.” 

In his conclusions at p. 21)1, he gives the main results of his re- 
survey in the following words : — “ As the result of my resurvey, I 
find that the true m(;anirjg of the volcanic group at the bottom of 
the Cambrian strata there exposed, though partly recognized in the 
first edition of the map and section, had been subsequently lost 
sight of, these rocks having been erroneously renamed by the Survey 
‘Altered Cambrian,’ with intrusive sheets of ‘greenstone.’ I have 
freely admitted this to be an important error.” “ Again, were the 
area to he resurveyed now we should not colour as one continuous 
belt of intrusive rock the loug strip of country from the coast near 
St. David’s north-eastward to beyond Llanhowell, We should 
endeavour, as far as possible, to represent only those portions of 
eruptive rock which are actually visible or unquestionably exist 
underneath the surface, leaving the intervening sj)ace8 on the map 
to he coloured with the tint used for the general stjatified formation 
of each area. should prefer to indicate in this way that there 

are detached dykes and bosses along a certain area of extravasation, 
rather than to map the whole as one continuous belt. Hut this 
would be, after all, a question of detail or style of mapping. The 
officers of the Survey were certainly correct in regarding the crys- 
talline rocks, which they named syenite and felstone, as intrusive 
through the Cambrian strata ; and this is the main question in the 
present discussion. In concluding this part of my paper I am 
bound emphatically to declare that the map of the St. Jlavid’s dis- 
trict, as surveyed by De la Bcche, Itamsay, and Aveline, is in its 
essential features correct.’’ 

IV. Some of the Main Differences between our Views. 

I wish especially to call attention to the last two paragraphs 
quoted above, for they certainly touch the very essence of the dis- 
agreement between my own views and those of the officers of the 
Survey. In those paragraphs it is maintained that the granitoid 
rocks, their former syenite (our Dimetian), are intrusive in the 
Cambrian rocks. I hold, on the other hand, that they are the oldest 

* Ibid. ]>. % 1 . 
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rocks in the district, and that the Cambrian rocks were largely built 
up of materials derived from them by denudation. They maintain 
that the fels tones are intrusive rocks of later date than the sedimentary 
rocks. I hold that they also, for the most part, are of Pre-Cambrian 
age, but newer than the granitoid rocks, that the majority are old 
rhyolites or breccias, and that Dr. Geikie’s so-called apophyses actu- 
ally in places cut through the Dimetian rocks. Fragments of some 
of tliese are found abundantly in the Cambrian congloifi orates. 

The next point of impoi'tance is that relating to the connexion 
of the volcanic series with the Cambrian. The Director-General 
maintains that tlicy are merely the lowest beds of the Cambrian. 
I hold that there is an abundance of evidence to show that they 
are truly of Pre-Cambrian age, that the Cambrian rocks are very 
largely indeed made up of fragments and finer materials derived 
from them by denudation, and, moreover, that the basal Cambrian 
conglomerates constantly overlap different members of the volcanic 
scries. 

The differences between the views of the Survey and my, own remain 
therefore almost ecjually great after the resurvey by the present 
Director-General as they were before. As some points of iraportanco 
in regard to the nature and distribution of many of the rocks have 
been made out since my ])aper in 1879 was published, it will be 
necessary for me to add some special remarks on (aich of the three 
groups into which they have been divided by me at Si-. David’s, 
before referring in detail to the various points at issue between the 
Director-General and myself. 

V. The Dimetian Itooxs. 

a. Evidence of Aije. — That the Dimetian rocks are older than the 
Cambrian rocks has been proved, as I shall show, beyond the possi- 
bility of dispute, by the finding of an abundance of well-rolled frag- 
ments of typical Dimetian in the Cambrian conglomerates, and by the 
fact, proved by examination with the microsco])e, that the matrix 
of the conglomerate and also some of the grits and sandstones flanking 
the Dimetian at various points, are almost entirely made up either of 
minute fragments, or of the characteristic felspar and quartz, of the 
Dimetian. 

The importance of these finds will be readily recognized by those 
who have taken part in or watched the discussions on these ques- 
tions ; for it has been constantly assumed by those opposed to my 
views, that these fragments could not bo found. Moreover, the 
Director-General in his paper (at p. 288) makes the following state- 
ment : — “ As the result of a most careful examination of the con- 
glomerate belt along both sides of the fold I feel myself warranted 
in stating confidently that it contains not a single pebble of the 
characteristic granite of the 8t. David’s ridge.” The making of 
such a definite assertion, founded on negative evidence alone, seemed 
to me at the time rash in the extreme, especially as I had on several 
occasions, even without looking with any particular minuteness, found 
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ample proof to show that the Dimetian, his so-caUed granite, as well 
as rocks of Arvonian and Pebidian types, had yielded very much 
of the material for the Cambrian sediments. My frequently repeated 
statements of these facts ought also, I am fain to think, have tended 
somewhat to modify conclusions arrived at by so liasty and im- 
perfect an examination. Prom the paragraphs already quoted 
from the Director-General’s paper (and many others, with equaUy 
strong assertions of the same kind, might be quoted from it), it is 
abundantly clear that the finding of these fragments in the Cam- 
brian conglomerates at St. Davids, as in the case of those in 
North Wales, already placed before the Society, destroys the very 
pith of his argument. 

Indeed, this evidence alone is a sufficient reply to his ])aper ; still 
I think it is due to myself and to the Society that all other evidence 
of a confirmatory character should he fully stated. This will be 
given more in detail further on, when all j)oints where a contact 
between the Dimetian and the other rocks can be clearly seen will 
be specially referred to, and indicated, where possible, by diagrams, 
sections, or sketches. 

h. New Areas' in PemhroJees7iire.~The general distribution of the 
Dimetian rocks in the immediate neighbourhood of St. David’s was 
fairly indicated in my paper communicated to the Society in 1879 ; 
but since then 1 have examined an area on the opposite shore of 
St. Bride’s Bay where rocks of similar types occur, which will pro- 
bably prove to be of Dimetian ago. Some of these rocks are coloured 
as greenstones and others as syenites, intrusive in Upper Silurian if 
not in Carboniferous beds. So fur as I have j^ot been able to ex- 
amine these I could not find any evidence to show that the main 
masses arc intrusive in Palaeozoic sediments, but my examination 
tended to prove tliat the grits of the surrounding Llandovery series 
had been mainly derived from them or from similar rocks. One 
point, however, is abundantly clear, — that the terms greenstones and 
syenites, applied generally to these on the maps, are as utterly in- 
appropriate as in the cases at- 8t. David’s. The only rocks which could 
possibly como under this term are some dykes of diorite and diabase ; 
but these form onl}' a very small j)art- of the area. The so-called 
syenite exposed at Johnston, in the railway-cutting and elsewhere 
in the neighbourhood, is a granitoid rock very similar to the Dimetian 
rock of 8t. David’s, and is, as there, traversed by diabase dykes. 
The so-called greenstone, well exposed on the shore of St. Bride’s 
Bay at Goultrop, Talbenny, &c., about 10 miles across the Bay 
from St. David’s, is in reality for the most part not a basic massive 
rock at all, but consists mainly of rocks with a good schistose 
foliation, and similar in many respects to some of the oldest gneisses, 
though unlike any hitherto found in the St. David’s district. These 
are described by Mr. Davies in his notes 82 and 8^, and they are 
peculiarly interesting in consequence of being found in such inti- 
mate relationship with rocks of the Dimetian type. The further 
examination of these rocks may possibly lead to something definite 
in regard to the origin of the Dimetian, though of course it must be 
admitted that their age is doubtful. 
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c. As to the Origin of the Dimetian Roche , — At present the evidence 
is not completely satisfactory, nor, indeed, can it be said that it is 
so with reference to the origin of the majority of the massive gneisses 
in Scotland and elsewhere. Whatever it may have been in the 
case of those gneisses, it was, in my opinion, of like nature in the 
case of the Dimetian. Whether wo adopt a ncptunian or a volcanic 
origin, or, what is more probable, a combination of both, for these 
rocks, one important fact constantly presents itself to our minds — 
that is that these rocks show i)eculiari ties, wherever exposed, which 
lead us to suspect their age even where the stratigraj)hical evidence 
is not conclusive. The peculiar mode of fracture I mentioned as 
characteristic of the Dimetian at St. David’s, is equally evident 
in the Johnston rocks, and in the so-called granite (Dimetian) of 
Brawdy, Hayscastle, and Brimaston. It is also equally marked in 
the granitoid rocks of ^^'orth Wales, which have been classed with the 
Dimetian. This peculiar condition was also developed at a very 
early period, undoubtedly before the Cambrian conglomerates were 
deposited, as it is present in the fragments contained in those sedi- 
ments. The diabase dykes in the Dimetian have been called in my 
papers by diifercnt names such as melaphyro, dolerite, &c. Dr. 
Gcikie uses the general term diabase for these ; and as it is on the 
whole perhajDs the best term, 1 shall also use it throughout this 
paper, and it will i)revent confusion. In early papers, before the 
microsco])o was so geiuvrally used to differentia to the various rocks, 
some of these diabase dykes, from their freejnent parallelism with 
one another, and from a peculiar cleaved structure developed in 
them, were included in the Dimetian as intorstratifiod bauds. 
In my paper in 1S78 I clearly pointed out, as the result of a 
microscopic examination of these made for mo by Prof. Judd 
and Mr. T. Davies, that they were igneous rocks, and therefore of 
no value in regard to the question of the origin of tho Dimetiau. 
The dolomitic bands found by mo in the cliff at Porthlisky may 
also, as suggested by the late Mr. Tawney, who examined them sub- 
sequently with me, he merely of secondary origin as the result of 
infiltration, “ duo to the decoin position caused by water filtering 
down joints, removing alkaline silicates, and dejiositing carbonates of 
lime and magnesia” *. Hence they also may ho of no value in any 
question of tho origin of these rocks. Mr. Tawney, however, even 
though he supposed that this evidence could not bo relied upon, still 
strongly believed in the metamorphic origin of the Dimetian, and 
emphasized this in one of the latest papers t published by him, 
in which he gives tlie results of a prolonged examination of these 
rocks in tho field both in North and South Wales, and by careful 
microscopical examination. 

d. The Brecciated Portions . — ^Tho hrecciated hands found at several 
places in tho Allan Yallcy have been carefully described by Prof. 
Hughes, and there seems to be tolerably clear evidence to show 

* Proceedings of the Bristol Naturalists’ Soc. vol. ii. part 2, p. IIG. 

t Geol. Mag., dec. 2, vol. x. p. f>7. 
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that they are the result of crushings and of subsequent infiltrations 
of secondary minerals along joints. 

Evidences of similar conditions are present, as has been fre(]uently 
mentioned by Prof. Bonney, in like rocks in l^orth Wales ; and I 
have also specially referred to these brecciated bands in my recent 
paper before the Society in describing the Dimctian rocks of Angle- 
sey*. I know of no place, however, where they are so marked as 
in the Allan Valley at St. David’s, particularly immediately behind 
the small farm called Halfesh, about midway between St. David’s and 
Porth-clais, and in the face of the hill some few hundred yards to 
the south of that farm. To all who are interested in the study of 
the’ extraordinary changes which have taken place in these rocks as 
the result of crushing and subsequent infiltration, those places will 
well repay a visit. It is interesting to note that all these brocci- 
ated portions of the Dimetian which I had referred to were entirely 
missed by the Director-General and his assistants in their examina- 
tion, and that they were compelled therefore, as stated at p. 274, to 
arrive at the conclusion that I had included in my Dimetian “ por- 
tions of the undoubted bedded rocks (quartz-schists, quartzites, 
shales, &c.) which flank the massive rock of the ridge.” Whether 
or not the evidences fail, which we have thought might tend to 
confirm our views that these rocks are of a metamorphic character, 
it seems perfectly clear that the arguments and deductions in the 
Director-General’s paper can have no weight in solving the question ; 
for they are all made subservient to one purpose, that is, to prove that 
the Dimetian is an eruptive granite of later date than the Cambrian 

rocks, to show, as stated in Dr. Geikie’s own words at p. 274; 

“ that this rock is not only a granite, but one which has been 
erupted through the Cambrian strata, and must therefore be j’ounger 
than they.” 

e. Petrological Characters,----W\th regard to the petrological cha- 
racters of the Dimetian I have not much to add to that which I have 
written in former papers, or which is contained in papers bv Prof. 
Bonney, Prof. Hughes, Mr. Tawntiy, &c. Mr. Davies will, however, 
refer to some fresh slides which have been prepared, and will explain 
the reasons why, when these rocks were first examined by him, he 
thought the term quartz-schist seemed to be the most appropriate for 
the peculiar conditions exhibited by them under the microscope. 

he term granitoidite suggested by Prof. Bonnev seems Tierhaiis on 
the whole best applicable to these rocks as exhibited at St. David’s 
and in some parts of North Wales. On the other hand in parts 
ot the same group in Anglesey the rocks are sufficiently scliistose 
to bo called true schists; and the rocks already referred to in 
bouth lembrokeshire, if proved to be of the same ago, as they 
appear to be, so far as the evidence at present goes, are also highly 
schistose In tho latter area the projmrtion of basic silicates is 
peatcr than at 8t. David's, and this is necessary to give the charac- 
teristic banding of the true gneisses. The accidental absence, as I 

* Quart Journ. Geol. Soo. vol. xl. p. 187. 
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am inclined to put it, of a due proportion of the basic silicates from 
the Dimetian at St. David’s is the main cause why it is not a true 
gneiss instead of a massive granitoid rock. The various changes 
to which the Dimetian rocks have been subjected would undoubtedly 
have produced a schistose structure, were more of the basic silicates 
present. All, however, may even have had an igneous origin ; but if 
so, the evidence that such was the case is now entirely wanting. 
One thing, however, is certain beyond doubt, that is that the Dimetian 
at St. David’s is not, as asserted by the Director-General at p. 313, 

“ a central boss of eruptive granite with associated peripheral 
dykes, elvans, or amorphous intrusions of quartz-porphyry,” which 
“ has been protruded through the Cambrian strata,” and this is the 
main point which we have to contest. 

VI. The Arvonian Hocks. 

a. Evideme of Age , — That these rocks, like the Dimetian already 
referred to, are older than the Cambrian conglomerates is a fact 
which cannot now be disputed, as the Cambrian conglomerates contain 
roUed fragments in abundance which cannot be differentiated from 
these rocks. Moreover in some places, notably in Kamsey Island (and 
in areas in North Wales, as described in a former paper*), the con- 
glomerates repose unconformably upon them, and arc almost entirely 
built up of materials which could only have come from such rooks. 
As in the case of the Dimetian, so with these, it has been maintained 
by the Director-General that they, or at least the majority of them, are 
properly indicated on the Survey maps as eruptive masses in Cambrian 
and Silurian strata. 

I have referred above to the fact that fragments of these so-called 
Post-Cambrian eruptive masses are to be found in abundance in the 
basal Cambrian conglomerates, but we have still more important 
evidence which shows that the rocks I claim under the name 
Arvonian are not only Pre-Cambrian, but more than probably also 
of Pre-Pebidian date. In the lowest Pebidian breccias, more pro- 
perly in some places to be called agglomerates, fragments of the 
peculiar quartz- felsitcs (old rhyolites), of the hiilleflintas, and of the 
indurated argillites and breccias which together mainly make up the 
Arvonian grohp in Pembrokeshire, occur in such abundance, that 
no doubt can arise that they must have been derived from pre- 
existing rocks identical in their grouping and character wdth those 
we now class as Arvonian. The Pebidian agglomerates at Clegyr Hill, 
St. David’s, are very largely made up of fragments of old rhyolites 
(spherulitic) like those found in situ in the ridge at St. David’s and 
to the north-east ; and curiously some of the so-called “ adinole 
nodules or concretions varying from the size of a pin’s head to 
that of a man’s head or larger,” described by the Director-General 
in his paper at p. 320 as occurring in the Porcellanite series near 
Nun’s Chapel, are nothing more than fragments of these old rocks 
included in the associated breccias. These are described by Mr. 

* Loc. cit. 
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Davies in notes 17 and 18, and I shall have occasion again further 
on to refer to them. 

lA the Pebidian breccias on the west side of the ridge, frag- 
ments of these old rhyolites, of the halleflintas, and of the indurated 
argillites are constantly found ; but probably the most important 
series to prove that the rocks I call Arvonian are older than those 
named Pebidian are the great agglomerates to the north and south 
of the Llanhowel ridge. At Uanhowel and reaching northwards 
to Carnymyl old rhyolites with flow-structure and sometimes sphe- 
rulitic, altemating with bands of halleflintas and fine acid breccias, 
are constantly met with. These arc flanked at Treglemais (as is 
especially well seen in a field at a point in the Ordnance map 
indicated by the letter t of Penbont) by agglomerates containing 
fragments of all those found in the axis, many in a rounded or 
rolled condition. On the south side of the ridge in the Caerforiog 
Valley, as shown in the map, similar agglomerates are found con- 
taining large fragments of like character to those above described. 
The evidence at these points that the rocks forming the central part 
of the ridge must bo of older date than the agglomerates is in my 
opinion most conclusive, and the latter are, as far as can be made 
out, the oldest Pebidian rocks in the district. The beds which 
immediately succeed the latter are porcellaniies like those on both 
sides of the ridge at 8t, David s. The peculiar grouping of the 
rocks found in each of the Arvonian areas is an interesting ]K)int, 
and will be further referred to in speaking of their probable origin 
and special petrological characters. 

b. New Areas in Pemhrol'esldre . — Since my pap(‘r in 1879 was 
read, 1 have examined an area in South Peinbrokt^sliire not far from 
Milford Haven, and to the east of a place cjilled Itosomarkct, where 
rocks of a type in many resjiects resembling those in the Arvonian 
grou]) occur. It is only a mile or so to the south of the Johnston 
ridge, where, as I have already pointed out, rocks of the Dimetian 
type occur ; betwetm these also another short ridge of granitoid rocks 
is found. It therefore appears tolerablj- clear that by the combined 
influence of denudation and faulting a considerable portion of the 
old Pre-Cambrian floor has become exposed in South Pembrokeshire, 
and that wherever it occurs in these areas the types of rocks forming 
it are similar. Three well-marked areas of elevation are thus indi- 
cated in Pembrokeshire — viz. (1) the district of 8t. David’s pro])er; 
(2) that of Drawdy, If ayscastle, Koch, and Trefgarn towards the east ; 
and (3) that of Talbciiny, Johnston, and Kosemarket in the south. 
The Palaeozoic rocks are troughod, folded, and faultcd-in between 
these ; and wherever the basal rocks of the Palaeozoic sediments are 
exposed in these areas it is found that they contain matenals which 
could only have been derived from rocks similar to those we claim to 
be in these areas of Pre-Cambrian age. I was particularly struck 
with the undoubted arkosc character of the grit of Llandovery age in 
the Johnston and Kosemarket area, and small fragments of the 
granitoid rocks and of those of the Arvonian type occurred also in 
it in considerable abundance. The age therefore of the granitoid 
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rocks, the halleflintas, and the old rhyolites of the South Pembroke- 
shire areas is proved beyond doubt to be Pre-Silurian (Upper Silurian 
of Survey), and by every resisonable probability to be Pre^Cambrian. 

c. Probable Origin and Petrological Characters , — That many of the 
rocks included in the Arvonian group must have had a volcanic 
origin is certain. Acid lavas and ashes prevail in it in all the Pem- 
brokeshire areas ; but associated with these occur some indurated 
argillites and quartz rocks. The doubtful rocks called halleflintas *, 
so far as the microscopical and field-evidence can at present 
decide the question, appear to be mainly made up of fine volcanic 
ashes or muds. Sometimes fragments, chiefly of quartz, are recog- 
nizable in considerable abundance in parts of a slide, while the 
other portions are homogeneous. The rock appears as if it had 
been in a colloidal condition, but with fragments still remaining in 
parts unchanged. 

Of course another very natural view concerning them would be 
that they were originall}^ rhyolites which had subsequently undergone 
great change. As the old rhyolites, however, which are found in 
association with these rocks still retain marked evidences of their 
original character, it seems a fair presumpl/ion to think that the 
halleflintas bad some other origin. These halleflintas were first 
recognized by Mr. T. Davies, when examining some slides for me 
for the paper communicated to the Society in 1S71), as l)oing of the 
peculiar nature characteristic of the rocks so w(dl known under 
that name in Sweden. There, T believe, they are (;lasscd as sedi- 
mentary rocks. In Pembrokeshire they are mainly limited to 
the Arvonian grou]), and are found in eacli of tiu' areas where 
rocks of that age are exposed. They are particularly well shown 
in the gorge of the Cleddau, between llaverfordwest and Fishguard, 
about Trefgarn, and also at and to the east of Itoch (lastle. Put 
in the areas between the latter points, named Dudwell and Plum- 
stone Mountains, true breccias, l)eds of quartzo-felspathic ash, and 
old rhyolites are the prevailing rocks (Notes 8i) & 81 ). The hallc- 
flintas will be fully referred to by Mr. Davies in Notes 7^3 to 7b, and 
also those ])arts of th(‘m containing the peculiar rephumnents of fel- 
spar crystals by quartz, noticed by Prof. Blake in a slide from Eoch 
Castle, and referred to by him in his paper read before the Society 
in January last t. Mr. Davies supposes these replacements to have 
taken place mainly in the brocciated portions ; and as these rocks 
have been greatly fissured and completely permeated by secondary 
quartz, such a change could there readily take place. A fine 
quartzo-felspathic ash, showing distinct lines of lamination, makes 
up a considerable proportion of this group in Eamsey Island, in 
association with breccias and old rhyolites (Notes 12-14). The 
descriptions given in my previous papers as to the special characters 

* The term halleflinta is used generally for a compact rather flinty-looking 
rock, which in chemical composition does not differ much from one of the more 
acid varieties of rhyolites, and may be either one of these considerably changed, 
or an altered sedimentary rock. 

t Quart. Journ. Geol, Soc. rol. xl. p. 308. 



518 H. HICKS ON THE PRE-CAHBRIAN 

exhibited by the rocks of this group remain sufficiently accurate ; 
but in addition to the quartz-felsites (old rhyolites), breccias, and 
halleflintas mentioned, I have noticed also in some of the areas, as 
in South Pembrokeshire and in the area to the N.E. of St. David’s, 
rocks which appear to be indurated argillites. 

The latter show clear evidences of aqueous deposition during the 
period ; and the fragments which occur in the basal Pebidian agglo- 
merates point out that induration had taken place, to some extent 
at least, in these argillites before the agglomerates of the Pebidian 
were accumulated. It is highly important that the peculiar characters 
exhibited by the Arvonian rocks should be clearly understood, and 
that the fragments in the lower Pebidian breccias should be iden- 
tified with rocks now exposed in the area. The evidence obtained 
in this way is perfectly conclusive in showing that there are acid 
lava-dows in the area which must be of older date than the 
Pebidian rocks. And yet the Director-General says at p. 300 : — 
“ All the siliceous eruptive rocks, so far as I have been able to dis- 
cover, are intrusive, and belong, I believe, to a much later period 
than that of the volcanic group; in no single instance did they 
appear to me to be true superficial lava-flows.” Dr. PersifoV 
Prazor, of Philadelphia, who visited the St. David’s sections under 
Dr. Geikie’s guidance, says, however, on the other hand, in a paper 
published by him last year that the Pebidian breccia immediately 
to the west of Clegyr Poig rock “seems to be a remade rock, in- 
cluding within itself fragments of ortho-felsite, which would fix its 
origin as later than the latter.” 

Though this group consists so largely of volcanic materials, it 
seems to me, from all the evidence I have been able to collect, to 
belong to a period anterior to that during, which the J^ebidian 
rocks were accumulated or deposited ; hence some such a name as 
Arvonian is necessary to indicate the geological position of the group. 

VII. The pEiiiDiAN Kocks. 

a. Evidence as to Age , — In my previous papers much evidence 
was given to show that the Pebidian rocks were older than the 
Cambrian rocks ; also that the latter were very largelv indeed built 
up of materials derived from the former, and that the basal Cam- 
brian conglomerates not only overlapped the Pebidian rocks uncon- 
'WGi'^^^onnd to be almost at every point in contact with 
different members of the Pebidian series. I was therefore much 
surprised to read the statements made over and over again by the 
Director-General in his paper, that the Pebidian is only a part 
of the Cambrian, and, as at p. 2J)1, that it “passes regularly 
upwards into the fossiliferous Cambrian formations, from which it 
cannot be dissevered, and with which it must be classed.” 

Ample evidence will be given, in speaking of special areas, to 
prove that the Pebidian rocks must undoubtedly be of much older 

. . * Comparison of the Eozoic and Lower Palaeozoic in South Wales witli 
their Appalachian Analogues in the United States,” 1883, p. 10 (Trans. American 
Inst. Mining Engineers). 
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date than the Cambrian ; that they had been uplifted to form shore- 
lines, Mid very much in their present mineral conditions, before any 
of the Cambrian sediments were deposited. 

Their age as compared with the Dimetian and Arvonian groups is 
almost equally clear ; for materials from each of those groups appear 
to be present in considerable abundance in the lowest beds of the 
Pebidian, according to the evidence furnished by microscopical ex- 
amination. The quartz and felspar fragments, as will be mentioned 
by Mr, Davies in Notes 20, 22, &c., have all the characters which 
we consider peculiar to the Dimetian ; and fragments of the htille- 
flintas, of the compact quartzo-felspathic ash-beds, of the indurated 
argillites, and of the old rhyolites of Arvonian type occur in them 
in abundance. The section at Porth-lisky is also very clear in 
showing some of the lower beds of the Pebidian overlying the 
Dimetian. 

h. Origin and Petrological Characters . — The special characters 
exhibited by this group have been very fully referred to in my 
previous papers, and Dr. Geikie, in his paper, says that he accepts 
“ generally the lithological descriptions ” given in my papers. A 
very large proportion of the rocks in this group are of volcanic 
origin, but along with these there are some which offer i^mple evi- 
dence to show that ordinary marine sediments were also deposited 
during the period. On the Geological Survey maps the Pebidian 
rocks are coloured either as nlt<‘red Cambrian or as intrusive green- 
stones. The Director-Generai, in his paper, p. 284, says that his 
predecessor, Sir A. C. Kamsay, in his original map and section, and 
in his early MS. report on the St. David’s area, recognized the vol- 
canic nature of these rocks, but that he ‘‘ afterwards allowed this 
view to be set aside yi hivour of the opinion that the peculiar 
bedded rocks on the Avest side of the granite ridge are altered Cam- 
brian strata through which intrusive ‘ greenstones ’ have been in- 
jected.” He further states that it is the latter Auew which is 
expressed upon the second and latest edition of the Survey map 
and section, and acknowledges “that iji this respect the present 
map and section are seriously in error, and that Dr. Hicks deserves 
the thanks of geologists for having, as it were, rediscovered pro- 
bably the oldest group of Palaeozoic volcanic masses yet known in 
this country.” The only maps and sections of the Survey available 
to me were those referred to above by the Director- General as 
seriously in error, and 1 had no means of knowing Sir A. llamsay’s 
previous interpretation. It is, however, satisfactory to think that 
they are now likely to be corrected on that point, though I con- 
sider that this is but a trilling matter as compared with the other 
corrections necessary to make the maps intelligible, or to give in 
any way a fair interpretation of the knowledge which has been 
gathered together concerning the rocks of this area during many 
years past. 

c. Thiclmess of the Group . — ^The thickness assigned by me to 
this group has been contested by the Director-General, and in his 
paper he has endeavoured to show that the same beds are repeated 
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by an anticlinal fold, the centre of which is indicated along a line 
almost midway between the Dimetian ridge and Eamsey Sound. I 
fail to recognize that any evidence whatever has been given by him 
to prove this, and a full acquaintance with the rocks in this area 
tends certainly to show that the idea is devoid of foundation. 
The evidence that the sequence is a continuous one from the Dime- 
tian axis to the coast on the west will be fully given when treating 
further on of the special areas. Yet it may be stated here that 
I have paid very much attention to this question throughout the 
district, and that in my papers of 1871 and 1875, before the Pebidian 
rocks had been clearly differentiated, a section with an isoclinal 
condition of the beds was given curiously like that shown in the 
recent sections by the Director-General, and along the same line 
of country. This question, therefore, is in no respect a novel 
one, but merely the revival of a discarded one — originally suggested 
by myself, but found to fail on further examination 

VIII. Detailed Descriptions of Areas near St. David’s. 

Having, in the foregoing remarks, referred generally to the Pre- 
Cambrian grou])s in Pembrokeshire, and to some of the various 
points at issue between the oflicers of tlie Geological Survey and 
myself, it will now be necessary for me to describe in detail the 
several areas in the more immediate neighbourhood of St. David’s 
to which the Director-General in his paper calls special attention. 
Others will also bo added which seem to furnish any important 
evidence. 


1. Caerhivdy Valley and Area S.E, of JSt. Davuls, 

a. Cambrian Conglomerates , — The basal Cambrian conglomerates 
which everywhere in the district, when not dropped bj^ faults, mark 
the boundary line between the Cambrian and the Pre-Cambrian 
rocks, stand out very conspicuously in the face of the hill on the 
west side of the valley immediately to the north of the mill, and 
are exposed also on the opposite side. The thickness of the more 
conglomeratic portion of the basal beds at this place is about GO ft. 
The pebbles vary in size up to some quite a foot in diameter. The 
majority are well rolled, especially those of a compact or quartzose 
character. The schistose and ashy fragments are more angular, in 
accordance with their peculiar tendencies. The matrix is usually a 
mixture of particles of ashy materials, and of an arkose in which 
much of the felspar has become so decomposed that it is now only 
recognizable under the microscope. Sometimes the ashy material 
predominates, as in the case of the bands supposed by Prof. Geikie 
and his assistants to be contemporaneous tuffs ; in other parts of the 
same series the matrix is a nearly pure admixture of quartz and de- 
composed felspar — a true arkose. Of course the more general condi- 
tion is an admixture of all these with some other materials ; but the 

* See Quart. Joum. Geol. Soc. vol. xxyii. p. 388, and vol. xxxi. pi. viii. fig. 2. 
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special bands referred to are important as showing the main sources 
of derivation. The ashy particles are minute fragments derived by 
denudation from the Pebidian series ; and the arkose material can 
with equal certainty, as will be pointed out by Mr. Davies in his 
notes, be shown to have been derived from the denudation of the 
Dimetian. Foreign fragments are found here, as in all conglome- 
rates; but the matrix, like the succeeding grits and sandstones, 
points unmistakably to the true source of derivation of the sediments. 
It is very remarkable that the matrix of the conglomerates, and 
the succeeding grits and sandstones, should have been so completely 
neglected in the Director-General's inquiries. Supposing it possible 
that his view of a natural succession of the Cambrian on the 
Pebidian beds could be the true one, whence, under the circumstances, 
could the materials which build up the many hundreds of feet of the 
immediately succeeding sandstones and grits, which he admits are 
true sediments and not volcanic deposits, have been derived ? 

In this conglomerate many fragments of the underlying porcel- 
lanites, much in the condition in which they are now found, occur. 
Many years ago Prof. Hughes's keen and experienced eye detected 
in it one fragment of the porccllanito which could not be less than 
9 inches across. Smaller fragments are abundant, and some have 
been cut for examination with the microscope (Note 01). Pebbles of 
quartz-felsites from the Arvonian and of volcanic rocks from the 
Pebidian, are also to be readily found. Qiiartzit-cs and vein-quartz 
are also abundant as large pebbles. Whether the quartzites and 
the fragments of true quartz-schists which are occasionally found 
were derived from some Pro-Cambrian rocks in the neighbourhood, 
now covered uj) by the newer sediments or under the sea to the 
south and west, is a question which has not as yet been solved. 

h. General Description of the Cambrian Succession^ and of the 
Mineral Composition of the Beds. — The (kimbrian succession, as it is 
exhibited towards the S.E. from this point, is the most complete in 
the neighbourhood, and as the diflerent members in it will have to 
bo referred to further on as they are brouglit by faults into contact 
with the Dimetian, it will be well now to describe them briefly. The 
rocks which immediately succeed the conglomerates are the greenish 
flaggy sandstones (2 on map, PI. XXIV.). On microscopical exaRii- 
nation these are found to be made up mainly of quartz — the dirty 
quartz of the Dimetian, and quartz such as may be derived from 
quartz-felsites or veins — and of broken bits of decomposed felspar. 
A dull green mineral similar to that found so abundantly in the 
Dimetian is also present in a broken condition, and there are also 
frequently present bits of mica, magnetite, &c. Secondary quartz 
and some chloritic and micaceous minerals are also developed in 
fissures and along the lines of lamination. This may be taken as 
the condition of these rocks throughout the district. Where crushed, 
however, in the immediate neighbourhood of faults, the fissured 
conditions become of course much more marked, and consequently 
there is a greater proportion of the secondary minerals present. The 
actual rock itself, however, remains much the same, and there is no 
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metamorphism, in the sense in which that term is generally used, 
of the individual fragments which build up the rocks. 

The rocks No. 3 on the map (PI. XXIV.), which succeed the last 
mentioned, are red slates and shales, not of great thickness, but in- 
teresting as containing the earliest fauna found in this neighbourhood 
(probably the earliest of the types as yet found anywhere), and they 
form also a well-defined horizon throughout the district. These are 
succeeded by the thick beds of grits and sandstones (No. 4), usually 
purplish or greenish in colour, found on the shores on each side of 
Caerbwdy Creek. They are the rocks which have been'quarried for the 
restoration of the cathedral. Microscopically they do not differ much 
from the green sandstones (No. 2), but they more frequently contain 
large fragments, and well-rolled bits of typical ])imetian may be 
readily discovered in some of these beds. The best spots, however, 
for collecting the typical fragments will be referred to in speaking 
of the Nun’s Chapel area ; but I have found numerous fragments in 
the grits of this area also, especially immediately to the south of the 
village called Treh^rwr, which is on the strike of these beds. The 
next series (No. 5) is a thick one, and consists of alternations of flaggy 
sandstones, grey and greenish flags, and purple and red flags, slates, 
and grits. The lower beds contain a tolerably rich fauna, with 
the genera Flutonia, Parado,indeSy Vonocoryplie^ &c. A part of this 
series, and also of the underlying one, has been dropped by a fault 
which cuts across the beds, as seen on the map (PI. XXLV.), in a 
direction from N.E. to B.W. Continuing along the section further 
to the S.E., the Menevian beds (No. (>) are found resting conformably 
upon the upper beds of the last-mentioned series ; and the Mene- 
vian beds are succeeded still furtluT to the S.E., beyond the well- 
known creek of Porth-y-rbaw (where the Menevian beds were first 
explored, and most of the fossils obtained), by the Lingula Flags. In 
consequence of the repetitions of these last beds by frequent foldings, 
no higher beds than those belonging to the Lingula-Elag group are 
found along tho coast hotwceii this point and the ridge of Pre- 
Cambrian rocks below Pointz Castle on the west shore near Newgale 
Sands. More inland, higher beds are found in the centre of the 
trough, which is bounded on tho one side by the St. David’s Pre- 
Cai^jbrian ridge and on the other by the Brawdy and Hayscastle 
ridge. 

c. Faults and their Effevts. — These areas are at many points 
greatly traversed by faults, and any one who has a difficulty in 
believing that the faults indicated on the map (PI. XXIV.) are not 
exaggerated in their number and extent, would do well to examine 
some parts of these districts where fossiliforous beds occur. Eor 
instance, the valley of Portb-y-rbaw, from Nine Wells to the coast, a 
distance only of about half a mile, would, I believe, more than convince 
any one who examined it that instead of faults being indicated on 
the map in too great a number, there are far fewer shown than can 
be actually traced. The same beds arc repeated several times by 
faults in this valley, as proved by the rocks and fossils, and the 
Lingula Flags of the coast to tho S.E. are actually thrown back 
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about midway between Nine Wells and the coast, so as to dip 
under the lowest Menevian beds. 

d, Pre-Camhrian lioclcs in this Area . — Immediately under the 
Cambrian conglomerates in the Caerbwdy Valley are some reddish 
felsitic tuffs and breccias belonging to the Pebidian series, marked h 
on the map. The conglomerates clearly overlie the latter un con- 
formably, as may be seen from the way they creep over different 
beds in the Pebidian series. The junctions are not very well seen 
here, but the evidence of unconformity becomes perfectly clear by 
following the line of strike of the (^ambrian conglomerates. Pelow 
the series h are found the highly siliceous thin-bedded rocks which 
we have here called porcellanites. The microscopical characters 
of these rocks are not ver)- satisfactory, but their sedimentary 
origin becomes thereby clear (Note 19). Associated with them 
are some fine breccias, consisting of fragments of quartz-felsitcs, of 
broken bits of (|uartz and felspar, and of basic lavas, all cemented 
together by a fine-grained material, probably derived mainly from 
decomposed fels])ar. Below the last-mentioned scries the great 
agglomerates and breccias of Clegyr Hill are found. These were 
described in a former paper*, and their microscopical characters 
are given fully in the Notes to that paper by Hr. Davies (p. 100). 
The presence in these of numerous fragments of sj)heriilitic quartz- 
felsites, like those classed as Arvonian, and found in sitn in the 
ridge under St. David’s and elsewhere, is a fact of importance ; for 
many of these fragments show indications of having been rolled by 
water-action ; and the finding of basic fragments and of indurated 
argillites occasionally in the same beds proves that they were de- 
rived, partially at least, by denudation from pre-existing series. As 
very many of the fragments, how^ever, are angular, it is probable 
that the main portions may have been cast out by volcanoes, and 
but partially rearranged aitcTWards b}’ w a ter- action. These volcanoes 
seem to have broken through the quartz-felsitcs of the Arvonian, 
and thereby to have caused the admixture of the materials found. 
When my former paper, in which these agglomerates were described, 
was published, the Arvonian rocks were included in the Dimctian,the 
other name not having been at that time suggested. It is necessary^ 
to state this, as though it is clear that minute fragments of the true 
Dimctian do occur in these agglomerates, the larger masses men- 
tioned were such as I should now class with the Arvonian. These 
agglomerates are exceedingly well exhibited in the hills on both 
sides of the valley near Clegyr Bridge, and in some rocky promi- 
nences in the fields towards Clegyr Farm. Beyond these points, 
towards the N.E., they are hidden for the most part in moors, &c. 
They are diminished also in thickness by faults which drop them 
along with some of the Cambrian beds. In the valley to the north of 
Cleg}T Bridge, at Trefynard and Trepewet, some few exposures of 
rocks occur, which show that at these places there are intrusive 
porphyritic quartz-fclsites, in some quartz-felsite breccias. These 


^ Quart. Journ. Geol. Soc. vol. xxxiv. p. 157. 
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breccias are undoubtedly older than the 
agglomerates, and are therefore placed in 
the map (PI. XXIV.) in the Arvonian series. 
In the district to the west of the valley to- 
wards St. David’s there are no exposures 
of the rocks beyond the agglomerates which 
form the west hill. The only evidences we 
have as to the characters of the rocks in 
this area are those which have been ob- 
tained from the few wells that have been 
sunk. At the wells sunk at the Windmill, 
and at Glas-fryn, to the north, the only 
rocks found were fine-grained quartz-fel- 
sites like those found near the Church 
School, and some dykes of porphyritic 
quart-z-fclsites and diabase. I took pains 
to watch these wells carefully when they 
were dug. I^ast year, from another well 
opened in this area, a few hundred yards 
to the south of the Windmill, at a new house 
which is being built on the side of the 
road leading to Caerfai, it has been shown 
that quart-z-felsite breccias traversed by 
porphyritic quartz-felsites oc^cur at that 
point. These breccias arc of so compact a 
character that -were it not for the occasional 
pnisence of foreign fragments in them, they 
could almost be classed with flows which 
had been much cnished (Note ](>). These 
breccias 1 am inclined to consider as of 
Arvonian age, as they are undoubtedly be- 
low the agglomerates which seem to me to 
mark the base of the Pebidian on both sides 
of the ridge. The largo proportion of a 
dirty quartz like that characteristic of the 
Dimetian, in many of these Arvonian 
breccias, seems to indicate that the Di- 
metian was nearly in its present condition 
before the Arvonian breccias were accumu- 
lated. 

2. Nun^ 8- Chapel DistAct and Area S, of 
St. DavkVs. 

The Cambrian rocks are well exposed along 
the coast between Caerbwdy Valley and 
Nun’s Chapel ; and the succession described 
to the S,E. of Caerbwdy is equally clear on 
the west shore of that creek up to the Mene- 
vian beds, which are the highest found on 
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this coast. The latter, however, occur only at Pen-ploidiau Point, 
between Caerbwdy and Caerfai, where they are tolerably fossiliferous. 
In a clifF-scction immediately to the S.E. of Nun’s Chapel, the Cam- 
brian conglomerates may be seen resting unconfonnably on the edges 
of the Pebidian rocks, as is shown in figs. 1 and 2. This section was 


Pig. 2. -^Section showing Ca7nhrian Conglomerate resting on edge of 
Pebidian beds m Cliff of Nun's Chapel, 



. 2. Grcciiiah sandstones. TJ. Pebidian. 

1. Basal conglomerate. F. Fault. 


referred to by me in a previous paper as proving marked unconformity 
in this area between Cambrian and Pebidian. Dr. Geikie, however, 
has endeavoured to explain away this appearance by calling it a case of 
“contemporaneous erosion accompanying Cambrian conglomerates”*. 
Evidently, on his theory of conformable succession, this was a very 
awkward case to deal with, and the only alternative was to call it one 
of contemporaneous erosion. This section and some adjoining ones, 
when examined with care, clearly show, however, that it is utterly 
impossible to explain away the facts on any such hypothesis. It is a 
curious fact also that this section is stated in the explanatory text of 
his paper, and in that accompanying the figure itself, to be in Caerfai, 
whilst it is in reality more than half a mile west of that creek, and in 
Nun’s Chapel Bay. The section, as given in his paper at j). 287, also is 
clearly an imperfect representation of the conditions exhibited, though 
the unconformity can be recognized even there. Though some of the 
conglomerates have been dropped by a fault in this section, it is 
fortunate that it has only taken the upper beds, and has left the lower 
ones, where they rest on the Pebidian beds, undisturbed. * The 
thickness lost by the fault has not been great, as the majority of the 
green sandstones forming the next series are present in the section 
in a nearly vertical position, 

* Qunrt. Joum. Qeol. Soc. vol. xxxix. p. 287. 

Q.J.G.I8. No. 159. 2 n 
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In the plan of the coast to the south of Nun’s Chapel (fig. 3) the 


Fig. 3 . — Plan of Coast south of Nun^s Chapel. 



P ( 5. Green and purple flags B. Pobidian. 

.2 4. Purple grits and sandslones. A. Dimetian. 

.0^3. "Red. shiilQS {Lhigulclla prmicBva). 4- Diabase dykes and sb eels. 

I 2. Greenish sandstones. X Intrusive Felstone. 

0(1. Basal conglomerate. F. Faults. 

manner in which the Cambrian conglomerates overlap different beds 
of the Pebidian is shown. The conglomerates in the cliff-section 
(fig. 2) can only be properly examined by boat ; but on the top of the 
cliff, and in the first field to the cast, they are well exposed, and may 
be readily explored. In a westerly direction they occur in well- 
marked detached masses, forming the seaward fringe to the bathing- 
place directly below Nun’s Chapel. Many of the pebbles are of 
large size, and the basal beds can be seen here again creeping over the 
edges of the Pebidian beds. In the little creek to the S.S.W. of 
Nun’s Chapel the conglomerates are thrown back for a considerable 
distance, as shown on the plan, by a fault; but this fault, again, does 
not prevent the unconformable position of the conglomerates on the 
underlying beds being readily made out at the point to which both 
have been thrown back together. The Pebidian rocks liave been 
very freely penetrated by dykes of porphyritic quartz-felsites and of 
diabase in this creek, as also between this point and the creek in 
which the section, fig. 2, occurs. These porphyries were described 
in my former papers, and are also fully referred to by Dr. Geikie. 
The Pebidian beds in this area are mainly porceUanites and breccias, 
chiefly acid breccias, though in the S.S.W. creek, referred to above, 
and in the adjoining one to the east, basic breccias also are found. 
The “ milk-white flint-like ” masses, “ adinole,” described by Dr. 
Geikie at p. 310, and found so plentifully in the breccias, are not, in 
our opinion, concretions or aggregations, the result of metamorphism, 
as claimed by him, but actual fragments of older rocks. These are 
described by Mr. Davies in Notes 17 & 18. 
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This area is particularly referred to by the Birector-General to 
prove, according to his views, the Post-Cambrian metamorphism of 
the rocks of the district that “ attended the intrusion of the granite 
and porphyries,” pp. 317-329 of his paper. In his section (fig. 2, 
p. 208) he shows the so-called granite (our Dimetian) as sending 
out from the main mass an arm (dyke) across the beds near Nun’s 
Chapel, which reaches to the Cambrian conglomerates. This dyke is 
described as one of the peripheral dykes, intimately connected with 
the granite. Even if we had not the ample evidence we now have 
to show that this conclusion is based on highly erroneous observa- 
tions, the very circumstance that not a single fact was brought 
forward by the Birector- General to prove the so-called connexion 
between the Dimetian and the porphyries, ought to cause any 
thoughtful person to pause before accepting such a statement, 
made upon purely theoretical grounds. When taken to exhibit in 
a limited sense the influence of dykes on sedimentary rocks, the 
sections at Nun’s Chapel are not of much value ; as, from what has 
already been stated, the porcellanitie rocks undoubtedly owe most 
of their peculiar conditions to influences exerted at a much earlier 
period than that during which the dykes were intruded among them, 
as may be shown by abundant evidence from all i)art8 of the district 
whore they exhibit the same characters. Moreover, that these dykes 
have no connexion whatever with the Dimetian rocks is abundantly 
proved, as I shall explain further on, by our finding them cutting 
through the Dimetian at several different points. 

In connexion with the supposed nature of the so-called “ adinole ” 
it is interesting to compare the analyses given by Prof. Porsifor 
Frazer (at p. 18 of his paper already referred to) of the Dimetian at 
St. David’s with that given in Dr. Geikie’s paper (p. 320) of one of 
the “ Concretions,” as having been made by M. Renard. They are 
as follows : — 


Analysis of Concretion (Adinole) Nun’s Chapel, 
St. David’s. By M. Ronard.” 


SiO,, 

Al.,(), 



MnO 

MgO 

CaO 

K/) 

Na,0 

Loss 


78-62 

13*67 

1*22 

trace 

trace 

0*30 

0*26 

5-80 

0*63 


100*50 


Analyses of two specimens of Dimetian collected by Dr. Persifor 
Frazer at St. David’s, in 1882, and made in his laboratory at Phil- 
adelphia gave : — 

2 N 2 
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I. 

II. 

Ignition 

0*82 

1-38 

SiO, 

76-90 

75-48 

A1,0 

11-60 

9-60 

FeA 

0-71 

1-78 

FeO 

2-56 

4-26 

CaO 

0-85 

0-98 

MgO 

0-59 

1-32 

K,0 

0*73 

0-56 

Na,0 

5-62 

5-09 


100-38 

100-40 


An analysis of a fragment of the Dimotian from St. David’s, 
made by Dr. Blyth, of Queen’s College, Cork, was published in the 
paper by Prof. Darkness and myself in the Journal of the Geological 
Society in 1871, p. *887. The chemical composition proved to be as 
follows, and it may be said to be still nearer in some respects to 
that given of the so-called adinole ” concretion, by M. Benard : — 


Silica 78 

Alumina lf)*5 

Lime, Soda, and Iron 5*5 


100-0 

I maintain that there is ample evidence to show that much of the 
material in the Pebidian breccias must have come from the denuda- 
tion, or the breaking-up by volcanic forces, of some such rocks as 
the Diraetian, and of those I class under the name Arvonian ; 
therefore it is probable that the Pebidian breccias and porcellanites 
at Nun’s Chapel and elsewhere owe their origin in great part to 
such sources. Still these so-called concretions do not now show on 
microscopical examination that this was actually the case with thenu 
This may he due in part to subsequent change. The- fact that their 
chemical constitution, however, is so nearly the same as that of 
the Dimetian is a highly interesting one, but not conclusive on 
the point. That they are true fragments, however, of some pro? 
existing rocks, and not concretions, is clear beyond dispute, froai 
microscopical (Notes 17 & 18) and chemical evidence*. NoM - 
nos. 43-^8 relate to specimens of the finer conglomerates of tlii v 
Cambrian from the West Creek, Nun’s Chapel. They show that 
matrix is largely made up of a dirty quartz like that of the Dimetii^;^ 
and of fragments of rocks like the underlying porcellanites 
felsites, of quartz-schists, and of quartzites, &c. ' 

* Prof. Frazer calls attention also to the close chemical relationship between 
the so'call^ “ Ash and tuffs ” and the Dimetian. Further examinations in 
this direction may lead to important results bearing on the origin of the 
Dimetian. 
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Fig. 4 . — Section from the Coast to Bryn-y-tjaro, 


N.N.E. 



Cambrian. 


Hinu'tian. 

For explanation sec fig. 


coHglomeratea, with rolled fragments of Dimetian up to the size of a 
hazel-nut, or larger. Under the series No. 4 come the LimjuleUa- 
jmma^va beds, and good specimens of that fossil have been found 
here, especially in the bright red beds on the east side of the creek. 
The yellowish sandstones and conglomerates at the base (Nos. 2 & 1) 
have been already referred to. The section, fig. 4, as taken from the 
centre of the Dimetian ridge from the well-known point of Bryn-y- 
garn in a S.8.W. direction to the extreme end of the headland on 
the west side of Porth-melyn, contains such important and conclusive 
evidence in regard to the questions at issue between the Director- 
General and myself that I submit it with perfect confidence to the 
consideration of any one who is interested in them, and has an 
opportunity of visiting St. David’s. The slides described by 
Mr. Davies in Notes 49-60 were prepared from grits and fine con- 
glomerates found in the series of Cambrian rooks on tho west side 
of Porth-melyn. They give abundant proof of what seems perfectly 
clear even on macroseopical evidence, that the material dejjosited in 
the very earliest Cambrian period in this area was derived from 
such rocks as we now claim to be of Pre-Chmbrian age. Almost 
every peculiarity recognizable in the underlying Pre-Cambrian 
rocks, is equally visible in the fragments contained in the overlying 
Cambrian rocks. This, to my mind, is perfectly conclusive proof of 
the Pro- Cambrian age of the rocks I class under the names 
Bmetian^ Arvonian, and Pehidian in the St. David’s area. My 
reply to Dr. Gcikie might, as stated before, have been confined to 
these facts alone ; but as so many statements have been made which 
1 cannot allow to pass unchallenged, I propose to deal with each 
of the sections at the points referred to by him ; and I shall be 
able, 1 think, to show how utterly impossible it would be, even on 
purely geological evidence, for the interpretations given by him of 
the conditions shown to be the true ones. Moreover, it is but 
fair to ourselves to state that our conclusions were mainly arrived 
at by critical investigations of the general geological facts exhibited 
by these sections. 
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3, Porth-clais and Allan Valley, 

In Porth-clais farmj^ard, between the area last referred to and the 
Allan Valley, the Dimetian rocks, in their usual condition, are 
exposed, and they arc seen here to be penetrated by dykes of porphy- 
ritic fclsites. In the lane loading from the farmyard to the moor to 
the east I obtained specimens from the actual junction of one of the 
dykes* with typical Dimetian, containing parts of each. One of these 
is described in Note 8. The felsite is exposed also in the field to 
the north of this lane. This evidence, again, is conclusive in proving 
that the porphyries are not, as stated by Dr. Geikie, “grouped round 
the central boss of granite,'* our Dimetian, or, “ intimately con- 
nected with it, like the e]vans of granite districts" (p. 313). 

In Porth-clais harbour, and in the Allan Valley immediately to the 
north, some of the most important sections referred to by the 
Director-General to prove that the Dimetian is intrusive occur. Of 
these he says it “ is difficult to believe that they can have been 
actually seen by any one who could afterwards maintain the rock to 
be Pre-Cambrian in age " (p. 274). It is also stated on the same 
page that they “show tho granite to be unmistakably eruptive; 
tor the strata adjacent to it present examjdes of the induration and 
silicification so commonly, though not universally observable, along 
the borders of a granite boss ; ” also that he “ searched in vain 
among the published papers for any account of these localities.” 
In reference to these statements I need only say that all those who 
took part in the discussion, who had visited 8t. David's at any pre- 
vious time, gave ample evidence to show that these sections were 
weU known to, and had been examined by them, and that fortunately 
they had interpreted them in their true light. My papers also 
contain ample evidence to show that they had been carefully studied 
by me ; and I need only say further that when the former Director- 
General, 8ir A. Eamsay, accompanied by Mr. Etheridge, visited St. 
David’s, their special attention was called by me to these sections. 
Fearing that further difficulties may arise as to the true interpre- 
tation of these sections, I have had some sketches prepared to 
show the exact spots where the facts are to be observed, so that 
they may be readily examined by those who visit the area in 
the future. The “tongue-like projection across the river at the 
ford” is indicated in fig. 6, and in the plan, fig. 5. Instead of 
being an intrusive tongue penetrating the Cambrian strata, as 

* In Professor Blake’s map (Quart. Joum. Geol. Soc, vol. xl. p. 295), these 
are indica^d as fringing the Dimetian. The evidence is perfectly clear that they 
are intrusive in the Dimetian ; hence conclusions based on this view are valueless. 
The want of knowing that these felsitic rocks here and about Nun’s Chapel are in- 
trusive dykes, and not old rhyolites like those I have included in the Arvonian, 
has caused him to suppose that the latter everywhere fringe the Dimetian, and 
therefore that the Pre-Cambrian Groups at St. David’s belong all to one vol- 
canic series. The evidence is clear, however, that this supposition, as stated 
above, is incorrect. The actual junctions here between the Dimetian rocks and 
tho i'olsites are most sharply defined, and there is not a particle of evidence t 
show a gradual passage of the one into the other. 
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supposed by the Director-General, the evidence is jicrfectly clear 
that the Cambrian strata are here faulted against the Dimetian, 
as shown on the plan. Of this there are abundant proofs of various 
kinds. The line of junction is most clearly marked, and the con- 


Fig. 5 . — JHan of Allan Valley at Porfh-clais, 



to Porthlisky 

For see fig. S. 

Fig. (). — Sl etcli in Allan I alley {j^outh side) ai Porth-elais, sliotvuaf 
fanltid V()7i1ac1 of Cantlman Jlocles tvith Ihnuilan. (Tlic jdaco 
specially refoned io by Dr. Geikie as showing intrusion of tlie 
latter into the former.) 



glomeratcs can be removed without a particle of tlio true Dimetian 
being attached to them. There is no alteration set u]) in the 
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materials at the junction, and no evidence of any thing like a welding 
process having been set up. As a result of the faulting also, different 
beds of the Cambrian series are brought in contact with the Dimetian. 
On the west side the beds belong to a much higher horizon in the 
succession than those on the oast side, fi-om having been thrown 
back by a fault striking about N.N.W. These actually strike up 
to the west edge of the so-called tongue. On the east side the 
beds are made to dip towards and as if under that edge, a very 
usual condition in faulted junctions, as I shall be able to sliow in 
other sketches, and one well known to all strati graphical geologists. 
There is another point to which special attention must be called 
in regard to this sketch, as it would aj)pear from a sketch pub- 
lished in Prof. Frazer’s paper already referred to (p. 14) that he, 
at least, when examining this section with Dr. Oeikie, sui>posed 
that the Dimetian here cut into and cnvcloj)ed a mass of the Cam- 
brian rocks. The supposed evidence for this is clearly shown by 
his sketch to have been based on erroneously taking the Cam- 
biian grits immediately to the north of the hut to be a part of the 
Dimetian. hotter proof, j)orhaps, of the fact so often insisted 
upon b}’ us that the matrix of the conglomerate has been derived 
from the Diinetitui could scarcely be wished for than that so 
experienced an observer should make such a mistake under the 
guidance of the Direclor-Ceneral and of Mr. Peach. In his revised 
paper the sketch remains iis before, but it is only fair to liim to 
give the following quotation from that p.a])er, issu(‘d after the 
abstracts of Prof. Geikio’s paj)er and the reports of the discus- 
sions had been received by him : — ‘‘ it Mould ajqx^ar that neither 
Prof. Geikie nor Mr. I’each regarded the contfi(;t between the 
granite (containing some amphiholo) and the sandstone (conglo- 
merate ?) at that point in the river Allan tignred in the sketch, as 
indicating an envelopment of the latter by the former, since^ no 
allusion is made to it. This relation seemed to the Muiter so clear 
that he sketched it, and had a woodcut made of it, in spite of the 
fact that it gave a rude shock to his gradually increasing conviction 
of the practical })arallclism of the rocks of the South Mountain and 
those of South Wales, by seeming to prove that the granite M^as of 
later origin than the clastic rocks which it environed. The writer 
has probably made a mistake here, though of what nature he is yet 
ignorant, and it is only fair to say that while regretting that the 
error is his, ho is gratified to know that this abnormal position of 
the respective rocks doc^s not exist.’’ The grit near the hut is 
described in Note ()2, and thi^ sandstone on the opposite side of the 
Dimetian in Note 03. Both show clear evidence of the presence of 
the dirty quartz, derived from the Dimetian, and of fragments of fel- 
spars, and there are no indications whatever of any alteration in the 
sediments such as would have hccui ju-oduced by the proximity of a 
great intrusive mass. In the sketch (fig. G ; it is necessary to state, 
that the beds marked 2, to the south of the hut, are really newer than 
the conglomerates and grits maikod I, f hough a])pcaring in it to dip 
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under the latter This is clearly due to the influence of a split 
fault, as shown in the plan. Behind the kilns on the opposite 
side of the river is the section mentioned by Dr. Geikie, where, 
according to his view, as stated in his paper (p. 270), “ another 
junction of the granite with th(; Cambrian beds can he seen. The 

Pig. 7. — SJcelch of Quarry m iJic Allan Valley on north side of 
Porth-rlais, showing faulted contact of Cambrian llocJes with 



3. Rod h 1 tales (Lhwidclla primawii). 1 i • A. Dimeliiin. 

2. Greenish sumktones. j F. Fault. 

Pig. 8. — Quarry on roadside between Porth-chds and Blioscrihed, 
showing faulted contact of Cambrian with Dimetian. 



1. Cambrian basal coiiglonierate, A. Diitietian. F. Fault. 

latter consist of greenish shales and sandstones dipping N. 20 
W. at 55°, and are here again distinctly overlain by the granite, 
which cuts across the edges of the strata that dip beneath it.” 
The interpretation of this ap])arcnt dipping under is the sam(i as 
on the opposite side, and it is due entirely to the same fault. 

* The place which Dr. Geihie exposed when at St. David’s, as mentioned 
in his paper, is the flat surface marked with 1 near the centre of the sketch. 
It was furthor and more i'rocly exposed during my visit with Rrof. Hughes 
and party. 
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There is no evidence whatever of an intrusive 
junction ; and I cannot make out how any one 
conversant with the usual conditions in districts 
where the old rocks arc much broken could so 
mistake so clear a case of faulted junction as to 
believe that it was one of eating through the 
sediments, as shown in his section, by a great 
granite mass. The sketch, fig. 7, shows the 
actual conditions seen here, and the nature of 
the junction. Higher up the hill on this side 
Cambrian conglomerates are seen in contact with 
the Dimetian, so there is much crushing and con- 
fusion of the rocks on this as on the opposite 
site. Everything points unmistakably to results 
due here entirely to faidts. The sketch itself is 
sufficiently clear on this i)oint. Another (]uarry 
is referred to by Dr. Geikie as showing intrusive 
junction higher up the vallej' on the road to 
llhoscribcd. This is given in sketch fig. 8, 
which 1 think is almost siifhcioiitly clear without 
description. it shows the Canibrian beds, as 
usual, thrown towards the older rocks, the Hi- 
metian, by a fault. Here again there is not tho 
slightest change produced in the material com- 
X)Osing the Cambrian rocks, but much crushing is 
visible in those at tho junction, with evidences of 
infiltration along joints. 

1ji Dr. Geikie’s map, at this point and towards 
llhoscribed, a far with r si)ace is shown between 
f/he dissevered Dimetian masses than rcaUy occurs, 
as the Dimetian can be clearly seen crossing tho 
road at a distance only of about 35 yards from 
the other mass. Between these two masses the 
Cambrian rocks arc droj)X)ed in, in a folded con- 
dition, dipping away from one and towards tho 
other. The section, fig. 9, explains fully the 
manner in which tho Cambrian beds have been 
dropped in among the Dimetian rocks to th(^ 
west of Perth- dais. By failing to recognize tho 
cftccts of faults in this area, tho Director-General 
has been led into many serious errors, even in 
mapj)ing the Cambrian rocks. To some scries ho 
has given an undue thickness, and otliers he has 
])laced where they do not occur. At first sight a. 
confusion of tho beds might bo made ; but if one is 
at all acquainted with the order of succession of 
the rocks in this area and the i>eculiarities recogniz- 
able at various horizons, the whole matter becomes 
at once clear. As shown ui the section at Porth- 
clais, the lower beds, 2 and 3, have been several 
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times repeated by folds and faults, with the result of apparently giving 
to them an abnormal thickness. Tho Lin(jidella-‘primcHva beds, 
however, form such a clear and definite horizon that on examination 
the cause of this is at once evident. The series indicated by us 
as No. 4 extends to the extreme end of the east point of Porth- 
clais, and it is an entire mistake to show the beds marked by 
Dr. Geikic as his series No. 7 as occupying any part of that point. 
The only other matter which it is necessary to refer to in this 
area is the evidence sup])osed to he furnished by a quarry of tho 
conglomerates nearly opposite the site of the old mill, to favour 
the view that contemporaneous volcanic tuffs occur in the Cam- 
brian conglomerates. Whether the volcanic forces had completely 
expended themselves or not, before the conglomerates were de- 
posited, may he an interesting point ; but it is virtually of little 
or no importance in regard to the questions at issue. The evidence 
we have to deal with is as to the nature and position of the old lioor 
which yielded the Cambrian deposits, which arc acknowledged by 
all to have been true marine sediments. That this (|uarry, however, 
does not furnish the evidence supi)Oscd is perfectly clear, for the 
so-called volcanic materijils alternating with the conglomeral es 
here are, like those referred to in other sections, derivative mate- 
rials from pre-existing volcanic rocks. The beds in this quarry 
dip away from the Dimeiian, which occurs immediately behind. 
This area was very cai’efully surveyed by Prof, lluglies and myself, 
accompanied by a large party of well-tr{iined observers from Cam- 
bridge in April of last year, and the conclusions as to the various 
])oint8 referred to given in tho foregoing remarks arc tliose which 
were arrived at during that time. Since then 1 have revisited the 
area twice, but mainly to comj)lete the evidence. 

1 must hero also cx]jrcss my great indebtedness to Prof. Hughes 
and to those gentlemen who accompanied him, for the groat care 
and trouble with which the various points were examined into and 
worked out by them, and for tho general assistance rendered to me 
by them in my reexamination of the district. 

4. 0(/of-lhsi(f/n. 

The section to which such very special athmtion is directed in the 
paper of the Director- Ceneral, to prove that the Dimotian has been 
intruded into tho Cambrian, occurs at or near the ])lace indicated in 
the Ordnance map as Ogof-llesugn, on the coast to the w(*st of Porth- 
clais. The evidence here, it is stated at p. 27*'^, “completes tho 
demonstration that the rock, which can bo traced from 8t. David’s 
to the coast south of Porth-lisky, is an eruptive mass that has been 
intruded into the Cambrian strata.” Instead of the evidence here 
furnishing tho complete demonstration of intrusion claimed in the 
above quotation, no more satisfactory evidence to the contrary could 
scarcely be desired or obtained anywhere. The want of recognizing 
the differences between igneous junctions apd those produced by the 
infiuences of faults, foldings, and crushings among the older rocks. 
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has caused the errors to be committed here as in the other areas 
referred to. Moreover, Dr. Geikie’s statements tend to show that 
the examination here of the actual facts must have been im- 
perfectly carried out ; for the most important point of contact of 
the Cambrian with the Dimetian, shown in fig. 10, is not even 
referred to. 


Fig. 10 . — Section showincf contact of Cambrian with Dimetian in 
Cliff at Ogoffllesugn, 


Oj 

a 

p 


Diabase dyke. F. Cave. Cambrian. 



When the Direetor-Gcncral read his paper, even minor faults wore 
condemned by him. In a footnote, inserted after the discussion, it 
is staled, however (p. 277), that “ possibly some slight displacement 
may have taken place at Ogof-llesugn ; but the mass of con- 
glomerates is imbedded in the granite.’’ This does not very much 
improve the statement in the text on the same page that the 
“ granite which extends continuously eastward from Porth-lisky, 
abruptly ends off and is succeeded at once by vertical sandstones and 
shales which are truncated by it nearly at a right angle.” The 
point where the conglomerates and sandstones touch the Dimetian, 
and, according to the Director-General, are truncated by it, is shown 
in fig. 10, and T believe that those who have examined the spot, and 
they are now many, will admit that this sketch gives a fair repre- 
sentation of the conditions to be seen. It shows the Dimetian to be 
sharply defined, with some beds of the Cambrian conglomerate lying 
against it. The line of fault is clearly indicated by fault-breccia 
above and by a narrow cavern below, into which some of the younger 
members of Prof. Hughes’s party were able to squeeze themselves 
for several yards. As much higher beds of the Cambrian series 
than these are found, directly to the north, to strike up against the 
Dimetian, it is clear that these beds are bounded at Ogof-llesugn 
by two faults, as shown on the map (PI. XXIV.). These probably 
are some of the lowest Cambrian conglomerates, and they may have 
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reposed almost directly on the Dimetian until disturbed by the 
faults. The presence of a great amount of arkose material in the 
conglomerates, and the fact that at this point a hrecciated mass 
was found resting upon and sticking to the Dimetian, and consisting 
almost entirely of fragments of the Dimetian, lends some weight to 
this supposition. I do not feel quite justified, however, in claiming 
this breccia as a part of the true Cambrian conglomerates ; but 
the examination of it with the micro6Coj)e (!Notc 42) seems adverse 
to its being only brecciation of the Dimetian In situ as the result of 
the fault or crush. In any case, as there may be a possibility of 
doubt, I prefer to depend, for the evidence of Dimetian fragments 
occurring in the conglomerates, on those found in the beds alread}- 
referred to, and in others which strike up against the Dimetian near 
here. The Dimetian between this point and the Allan Valley is 
defined })y a sharp line, and the Cambrian beds all along strike up 
against it. According to the Director-General’s view they have been 
actually cut or eaten through by the Dimetian. There is not a 
particle of evidence for this, but there are facts in abundance to show 
that the line of junction is a sharply-defined fault, and in the more 
gritty bands of these Cambrian beds fragments of Dimetian occur 
j)lcntifully, even close to the point where the Dimetian is supposed 
to be eating through them. 

lieturning to the coast at and to the south of Ogof-llesugn we come 
to the ifiace described by the Director-General as follow^s (j). 277): — 
“ On the seaward face of the clilf the granite has torn off a mass 
of conglomerate and associated tuffs. These rocks have been so 
intensely indurated and silicified that the quartz ])ebbles arc hardly 
traceable on a fresh fracture, though they project more evidently from 
a weathered surface. It is even difficult in places to say precisely 
where the line between granite and conglomerate should be drawn, 
so intimately are they welded together.” I have endeavoured to 
show in the sketch, fig. 1 1, the real conditions exhibited here. The 
conglomerate is undoubtedly a part of the lower Cambrian conglo- 
merate, and with it arc some bods which belong to the next series, 
the green rocks. The mass appears to be surrounded on two sides, 
not by Dimetian, as stated by the Director-General, but by dykes of 
diabase containing lenticular fragments torn off from the Dimetian. 
The Cambrian conglomerate does not appear to have been much, if 
at all, altered by the dykes, and on the cliff side there is an open 
space at some points a few inches across, between the conglomerate 
and the dyke. Along the northern edge, especially where the con- 
glomerate mass narrows, it seemed almost to stick on to the dyke ; 
but there is no evidence here that it was actually penetrated by the 
dyke. The fine sandstone in association with the conglomerate is 
described by Mr. Davies in Note 64. As this seemed in the field to 
show some indications of having been altered by the dyke, I had it 
cut ; but the microscopical examination does not support the view 
of any great amount of alteration. The idea that this mass of 
conglomerate is entangled by the Dimetian disappears instantly on 
examination, and the conditions exhibited are those due to crushing's 
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Fig. of Cambrian Conglomerate on sliore^ west side of 

Ogof-dlesugn, 



in the neighbourhood of the faults already referred to, and to dykes 
which here cut through the rocks in all diroctious. In fig. 12 an 
endeavour is made to show the actual facts observed on the flat 

t 

Fig. 12, — Plan slioiving Dimetian hroTcen up by Dyhe on shore at 
Ogof-llesvgn, 



surface of the cliff as produced by the dyke to the west of the mass 
of conglomerate. 
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Evidence bearing on another important (juostion already touched 
upon is furnished in the face of the cliffs hero, as not only has the 
Dimetian been penetrated in all directions by diabase dykes, but also 
by dykes of porphyritic qiiartz-felsitos,like those described in Porth- 
clais farmyard, in the fields near Porth-raelyn, and as cutting across 
the Pebidian rocks near Nun’s Chapel, furnishing additional proof 
against the view that the porphyritic felsites are in any way to be 
associated with the Dimetian rocks as peripheral masses. A slide 
from a specimen taken from one of these dykes in the Dimetian at 
Ogof-Uosugn is described in Note 7. 1 have not found any of 

these porphyritic (piartz-felsites cutting actually into the Cambrian 
rocks, but diabase dykes, dili'ering somewhat, however, in appearance 
from the majority of those found in the Pre- Cambrian rocks, occur 
plentifully in them. The alteration produced hy the diabase dykes 
in the beds they cut across, and the welding which takes place, 
may be studied with advantage in the cliffs along the coast between 
Ogof-llesugn and Porth-clais. One of these dykes is about 40 feet 
across, and the alteration produced hy it in the rocks on either 
side is most marked. 

5. Porth-lhkj/ and /iamsi ff-tSovnd Area. 

On the west side of the Dimetian the Pebidian beds lie at a high 
angle with a dip towards the N.W. immediately at their point of 
contact with the Dimetian there arc the usual indications of a 
fault, and doubtless a considerable thickness of the lowest beds has 
been dropped by it. That these arc some of the lower beds of the 
Pebidian, not to be confounded with those under the conglomerate 
in Pamsoy Sound, witii which fhey ar# correlated by Dr. Greikie, 
is perfectly clear from the stratigraphical evidence here and at many 
other places in the area further north ; the microscopical evidence 
also is most conclusive on this point. The sketch, fig. 13, shows 

Fig. 13. — Sketch of Cliffs in East Harbour^ Portlidisky^ showing 
contact of Pebidian with JHmetian^ and line of Fault between. 



F. Fault. 


-f Diabase dyke. 
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that portion of the clitf at Porth-lisky harbour, whore the Pebidian 
beds arc in contact with the Dimctian. The line of demarcation is 
a perfectly clear one, but the beds are much crushed at the junction, 
and it seems almost incredible that any one could have supposed 
this boundary to indicate the outline of a mass of intrusive granite. 
The Pebidian beds here have a curiously arkose-liko appearance ; 
indeed some specimens, taken from the section a few yards higher 
in the succession than the position of the diabase dyke indicated, 
seemed by the aid of an ordinary lens to consist almost entirely of 
(partz grains and decomposed felspar. The microscopical evidence, 
however, does not quite bear out this view, though it shows un- 
mistakably the same facts that have been so freiiucntly referred to 
in reference to the Lower I'ebidian beds on the other side of the 
Dimctian — that is, that rocks of the Dimetian type must have 
yielded a considerable amount of the detrital material found in the 
Pebidian beds, especially in the lower ones. !N^ote 20 refers to the 
arkose-like rock mentioned above, 21 to a specimen from beds still 
higher up in the section, and 22 to one from the east side of the 
west harbour. These together give a fair representation of the rocks 
in the section between the stream and the Dimctian. West of the 
stream and forming the cliffs on the west side of the main harbour, 
the beds consist of acid breccias of various colours, with occasionally 
some bands of argillites and other detrital materids ; Note 31 refers 
to a slide from a fragment tolerably typical of this series. At Ogof- 
henllys and behind the cottage on the top of the cliff near that place, 
some diabase sheets or dykes are found in the series ; and they occur 
again further south, at Pen-y-foel, as mentioned by the Director- 
General (Kote 34). The next series, c on the map, consists of tho 
quartz-fclsite breccias and schists of various shades of colour, which 
are so easily recognizable throughout the district, and have a well- 
marked horizon. They reach to the coast of llamsey Sound at 
Ogfeydd-duon, and they are overlain un conformably by the Cambrian 
conglomerates as in fig. 14, in the first little creek to tho north. 
These beds have had a schistose structure developed in them by 
crushing, and they appear to be, for the most part, old rhyolites, 
but wifh marked differences from those characteristic of the Arvonian 
group. Some of these beds are correlated by Dr. Geikio with tho 
l*orth-lisky beds, though they differ entirely from those. Moreover, 
ho has failed to recognize the true direction of the strike in these 
beds, which is not in a line immediately below the Cambrian con- 
glomerates, but inland and under, instead of over, the Trefaiddan 
and Ehosson series of basic ashes and sheets. Had the position of 
these beds and their true nature been recognized by the Director- 
General, he would have seen how fatal the facts are to his theory 
of an isocline in this area. The Note 33 refers to one of these schis- 
tose quartz-fclsites from Cam-ar-wig to the south of Ogfeydd-duon, 
and Note 32 to another, from the same series inland, in the valley 
of St. David’s, from a quarry in a field south of Emlych. The latter 
will be again referred to in describing that area. On the south 
shore of Carn-ar-wig and at Pon-maen-molyo, there are some beds 
Q. No, 159. 2 0 
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belonging to series the basic tuffs, &c. These lie in true order of 
succession on the series c above described. These tuffs are largely 
made up of fragments of diabase, as may be seen from Note 36 
from a specimen from Cam -ar- wig, and Note 37 from the same 
series east of Castell to the north. Note 35 refers to the dark green 
compact rock exposed at the old copper-mine at Pen-maen-melyn ; 
a much altered felspathic diabase. To the east of Castell the 
basic rocks become exposed in several ruggcdknolls; other knolls to 
the S.E. are found to consist of the schistose rhyolites and breccias 
of series c. In the line of the section, fig. 9, which is taken from 
Castell, in Kamsey Sound, in an E.S.E. direction to Porth-clais, the 
Cambrian conglomerates are shown reposing unconformably on the 
basic series d. They can be seen in this position in the field to the 
east of Castell, having, between Ogfeydd-duon and this point, a dis- 
tance less than a quarter of a mile, crept over the edges of a con- 
siderable thickness of the Pro-Cambrian beds. The unconformity 
shown in fig. 14 is most marked, and it is perfectly evident that 

Fig. 14. — Cliffsecticm hcHveen Castell and Ogfeydd-dmu, showimj 
VHCOn fonniiy of Camlyrian on Pehldian. 



Canilirian. 


P<!bidian. 


the conglomerates are constantly reposing in this area on different 
members of the underlying Pebidian series. Moreover, we have 
proofs in abundance here, as in the sections near Nun’s Chapel in 
St. Pride’s Pay, to show that the Pebidian rocks were in their 
present condition before the Cambrian rocks were deposited, as 
shown by the fragments contained in the latter. Some of these are 
mentioned in the Notes 65-70. Fragments of the basic tuffs d, and 
of the schistose rhyolites c, are plentiful in the Cambrian con- 
glomerates in these areas, and many of the rolled pebbles of these 
rocks are of large size. 

6. WJiitcsand Bay, Ehosson, Clegyr Foig, ^c. 

In this area the rocks for the most part are like those described 
in the section to the south, fig. 9, but higher beds of the Pebidian 
become exposed as the Cambrian conglomerates are foPowed to 
the north. Py a strange error, the Cambrian conglomerates are 
shown, in the Director-Gonerars map, to strike inland at a distance 
of more than a qug,rter of a mile to the east of Porth-seli, while in 
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reality they arc the rocks which form the cliffs for a considerahle 
distance along the east shores of that harbour. This same strange 
mistake is evident also in his section, as a most abnormal thickness 
is given to the sandstones above the conglomerates, to enable the 
other beds to got into position. It certainly is a curious fact that 
the greatest exposure of Cambrian conglomerates in the neighbour- 
hood of 8t. David’s should bo thus missed, as it evidently must have 
been, by the Director-General. This error of his furnishes the best 
proof that could be desired of the great unconformity between the 
Cambrian conglomerates and the Pebidian; for had the former con- 
tinued to lie on the same beds of the latter as at Ehosson, less than 
a mile to the south, whore they are well exposed, their position 
would be a quarter of a mile to the cast of Porth-seli, as shown in Dr. 
Geikie’s map. The facts, however, as stated above, prove that in this 
mile of country a quarter of a mile in thickness of nearly vertical Pebi- 
dian strata has been overlapped by the conglomerates. The sketch, 
fig. 15, shows the Cambrian conglomerates reposing upon the Pebidian 


Fig. 15. — SJirlcJt of Ollffs on south side of (hjof-ijolchfa^ Whitescind 
showimj h((S(il Cambrian C onijlotner ate {\) resting uncon- 
fonnahlg on Pehidian roclcs {series e). 



beds at Ogof-golchfa, Whitesand Bay. The conglomerates are of very 
great thickness here, the pebbles of largo size, and many of the frag- 
ments are such as could only be derived from the Pebidian beds 
below. The large pebble exhibited by me at the meeting, when the 
second part of Prof. Geikie’s paper was read, which was claimed by 
Mr. Peach to be a segregation, came from these bods ; and Jlote 69 
will show that it is a large pebble of a schistose quartz-felsite 
identical with the quartz-felsites of series c of the Pebidian. The 
conglomerates at Ogof-golchfa repose upon schistose felsitic tuffs 
and breccias, and some schistose argillites. Notes 39 and 40 refer 
to some of these rocks. 

Section, fig. 1 (p. 524), runs in a 8.E. direction from the south 
side of Porth-seH across the Pebidian rocks and the Dimetian 
axis to the shore of St. Bride’s Bay below Nun’s Chapel. It 
shows the usual scries of Cambrian rocks in this area, and the 
Pebidian series as in the section to the south, but with a greater 

2o 2 
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thic^ess of d and with the addition of a part of series e. Here 
again the evidence of a regularly ascending succession in the 
Pebidian, but broken by a few faults, is perfectly clear, and there 
is no indication of an isocline. The beds dip regularly in one 
direction at a high angle, and the alternations are well marked 
and easily traced. The crags of Croeswdig, Trelothin, Rhosson, and 
Trefaiddan, consist of basic tuffs, dykes, and sheets. No. 29 occurs 
west of Rhosson rock, almost under the conglomerate. Further evi- 
dence of this fact is furnished in several sections to the north. The 
only one to which I need refer, however, though I have collected evi- 
dence all over the district, is the one to the north of St. David’s, in 
the Allan valley, tdegyr Foig rock has been frequently mentioned ; 
it consists mainly of basic sheets or dykes like those at Pen-y-foel, 
which occur in the folsitic tuffs, series Ik 

7. St. DavuVs and to the North-east ^ and Allan Valley to the North. 

The ridge of 8t, David’s and to the north-east of that city consists 
mainly, as alrcad)^ stated, of quartz-felsites (sjherulitic) and of 
numerous dykes of porphyritic quartz-felsites and some breccias. 
These rocks are found at various points all along tlie area coloured as 
Arvonian to the N.E. of Llanhowel. In the quarries on the hillside 
to the N.E. of the Cathedral, and in the Church- and Roard-Schools 
quarries, they are well known. There are many minor exposures 
also about the town. To the N.E. of St. Davids 1 have collected 
specimens in exposures near Dowrog Pool (Note 11), at Harglodd- 
issaf, Hendre, Carfarcliell, Ac. I have also recently received some 
beautiful specimens of a por])hyritic quartz-felsite from Trefadog, 
through the kindness of my friend Capt. Griffiths of St. David’s. 
So far, therefore, as this portion of the area can be examined, the 
quartz-felsites form a very continuous belt in a N.E. direction from 
St. David’s to the great fault above Bryn. The north edge of this 
belt is faulted probably at many points, and it is hidden greatly by 
the moors which extend along in that direction. The exposures of 
the Pebidian rocks along the area show them everywhere dipping 
away from this central belt. The Allan \ alley to the north of 
the Cathedral gives a very fair section of the Pebidian rocks, dip- 
ping continuously to the N.W. Immediately north of the Board- 
School (juarry the ])orcellanitos, Note 23 (like those in Caerbwdy 
Valley to the S.W. of the central belt), are seen with a moderately 
high N.W. dip. Between these and the quartz-felsites there is, I 
believe, a fault which has dropped the lowest agglomerates as at 
Porth-lisky. The next beds in a N.W. direction are some greenish 
and purplish folsitic breccias (Note 23), and some argillites belonging 
to series h. These are succeeded by quartz-felsites in a schistose 
state, and some acid breccias. They may be examined in quarries 
opened lately on the west side of the river, in the fields belonging to 
the new vicarage-house at Penrhy w ; also on the east side, in quarries 
in a field nearly oi)positc, through which thci path leading towards 
Emlych passes (Note 32). Beyond tliis, at and about Emlych, there 
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are other schistose felsitic rocks, and some rather dense-looking 
schistose beds (No. 41) To the N.E. at Maendewi, llhodiad, and 
Gwrid, beds belonging to series h and c are exposed, and the rocks 
here are described in Notes 25-27. The series d and e found near 
Eamsey Sound and Porth-seli are not well exposed to the north of 
Croeswdig rocks. Indeed over the burrows and on the moors which 
occur to the N.E. there are scarcely any exposures at all, but the 
few that have been seen show that rocks belonging to series at 
least, occur hero. North-east of Trelethydfawr Cambrian rocks are 
thrown down against lower members of the Pebidian by faults ; and 
near Treliwyd some few beds of the Cambrian conglomerates are 
seen. 

So far as it has been possible, the whole of tlic St. David’s area 
has been explored. In the above remarks the general facts ob- 
served arc given ; and 1 do not think it is possible for other evi- 
dence to appear which can in any important degree vitiate the main 
conclusions arrived at. 


8. Ramsey Island. 

In my former paper 1 mentioned the occurrence in Itamsey Island 
of quartz-felsitcs, breccias, and hiilleilintas belonging to the Arvo- 
nian series, and that these were covered at one point unconformably 
by Cambrian conglomerates, mainly built up from fragments derived 
from the former. In the spring of last year I revisited Eamsey 
Island with Prof. Hughes and party, and wo were able not only to 
confirm our previous conclusions, but to add somewhat to the evi- 
dence. The interpretation is given generally on the Map, PI. XXIV. 
Wo found that the mountainous area called Cam consists in part of 
old rhyolites, of beds of fine ash (halleflintas), and of rough breccias 
(Notes 12-14). Note 15 refers to one of the detached masses whose 
ago is not clear at present, but the probability is that they are Pro- 
Cambrian. The Cambrian conglomerates hero are almost entirely 
made up of very well rolled fragments of the rocks found under- 
lying them. They attain to a considerable thickness, especially 
towards the N.W., and appear to bo succeeded by some of the 
greenish sandstones. The main part of the Cambrian, however, has 
been dropped by faults, as the A renig rocks are exposed within a 
short distance of the conglomerates on the coast. That some, at 
least, of the intermediate beds must have been deposited in this 
area is clear from the fact that beds belonging to the Lingula Flags 
and to the Tremadoc series occur at the north end of the island, 
underlying the Arenig rocks t- 

* Prof. Flake’s map, Quart. Journ. G-eol. Soc. vol. xl. p. 295, is incorrect in 
showing Cambrian rocks in this immediate area. 

t In a recent letter Prof. Bonney, who has so frequently assisted me in 
these inquiries, writes to mo as follows : — “As you are aware, I have examined 
some parts of the St . David’s district pretty carefully, and feel bound to toll 
you that though I have had a rather large experience in studying the junctions 
of igneous and sedimentary rocks, I saw nothing at Porth-clais or at Ogof- 
llesugn which led me to suspect that the ‘ Dimetian ’ was intrusive in the 



546 


H. HICKS ON THE PBE-CAMBEIAN 


CoNCLUfilONB. 

The evidence submitted shows most clearly that the Survey map of 
the St. David’s district and of other parts of Pembrokeshire is in- 
accurate in some of its most essential features, and in many of its 
petrographical and stratigraphical details. The present Director- 
General maintains that it “ is in its essential features correct,” and 
that the “ ofi&cers of the Survey were certainly correct in regarding 
the crystalline rocks which they named syenite and felstone as 
intrusive through the Cambrian strata ” (p. 21)1). 

He also states that this point in regard to the intrusion or non- 
intrusion of these rocks in the Cambrian sediments “ is the main 
question in the present discussion ” (p. 201). In his conclusions 
(p. 324) he endeavours to indicate the manner in which, and at what 
period, this took place, in the following words: — ‘‘As volcanic- 
activity died out, ordinary sedimentation was resumed, and the rest 
of the Harlech and succeeding grou])s of the Cambrian system were 
deposited. 

“ At a later period the w^hole of these rock-groups, which had been 
laid down continuously without discordance, were subjected to dis- 
turbance, the principal effect of wdiich was to throw' them into an 
arch, and to bend over this arch into an isocline with a general 
inclination towards the north-west. The strata likewise underwent 
a widespread foliation, which, in accordance with the structure and 
composition of the rocks affected, was chieily developed in certain 
kinds of material. 


Cambrian, but at the latt-er place much to induce me to conBider the Pirnetiaii 
far the older. Hie finer materials of tlie Oambrian Irequently recjilled to my 
mind grits which are known to be derived from granitoid rocks. There are 
none of the usual indications of secondary inctamorpljisni, but some, as shown 
by Dr. Qeikie's own slides, of faulting : the presemM^ of secondary (piartz provt's 
nothing. I could not see any evidence in favour of the ielsites being ‘ apojmysos ’ 
of the Dimetian, and I considered them t-o have broken througi» it. In the 
present state of our knowledge it is very difficult to say whether the Dimetian 
is or is not a granite ; but I cannot admit that there is any evidence whatever 
for its being a granite of later date than the Cambrian conglomerate, and 
believe it far more ancient. Further, it appears to me that tliere was go(xl 
evidence in favour of a marked physical break at the base of the Cambrian 
series. There appears to be some unconformity (perhaps much), and there is 
certainly a marked change in the lithological character of the deposits above 
and below, the ‘tufi’’ bands in the Cambrian Iwing small in comparison with 
the great mass of ordinary sedimentary materials ; and, so far as I have seen, 
there is nothing to prove that they are the results of contemporaneous erup- 
tions. Besides, we do not efface the limits between Miocene and Pliocene 
because, in a country whore there has been great volcanic activity in the former, 
some feeble sputterings have occurred in the latter. Lithologically your Pebi- 
dian and Cambrian at St. David’s are about as different as they can be. I 
should also like to add that from time to time you have allowed uie to examine 
the specimens used in preparing your present paper, and have lent me all the 
slides submitted to Mr. T. Davies, and I consider they establish your main 
conclusions, and I agree with his determinations in all important respects. I 
may add that the so-called ‘fine foliation’ which occurs both aboye^and below 
the Cambrian conglomerate does not appear to me to have any bearing upon 
the question at issue. In the full sense of the words there are neither foliated 
nor metamorphic rocks at St. David’s, if we exclude the Dimetian.” 
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“ Subsequent to those changes the south-eastern side of the fold 
was invaded by the rise of a mass of granite, with the usual peri- 
pheral quartz-porphyries. Accompanying and outlasting this in- 
trusion a process of motaraorphism wont on, the effect of which 
has been to change fine felsitic tuffs or shales into hard, flinty, 
translucent masses, and to superinduce in them a finely crystalline 
structure, with the development of porphyritic-felspar crystals and 
veins and threads of crystallino quartz.” 

He further suggests that the granite and accompanying porphyries 
may possibly represent the roots of volcanoes belonging to the 
Lower Silurian period. Ho may indeed well say that the question 
of the intrusion or non-intrusion of the granitoid rocks (our Dime- 
tian) into the Cambrian strata is the main point in the discussion ; 
for the general deductions, and the theories of metamorphism so 
elaborately worked out in the foregoing quotations depend entirely 
for support on the, as I have shown, mistaken supposition that the 
Dimetian is an intrusive granite of later date than the whole of 
the Cambrian rocks. I have given abundant evidence to show that 
there is no foundation whatever for such a supposition, and have 
proved by every possible kind of evidence that tlio Dimetian rocks 
are of very much older date than any of the Cambrian rocks. I have 
shown also that the oldest of the Cambrian conglomerates received 
much of their materials from the denudation of the Dimetian rocks, 
and that the porccllanites, which the Director-General supposes 
were mere muds or other unchanged sediments until after the whole 
of the Cambrian rocks had been deposited, were in their present 
condition in Pre-Cambrian times, as shown by the fragments of 
them in the conglomerates ; also that his so-called “ adinole ” con- 
cretions are mainly fragments of still older rocks enclosed in the 
porcellanite series, and not the result of metamorphism, with a 
development of porphyritic felspar crystals in ordinary sediments, 
as claimed by the Director-General. His theory as to the so-called 
apophysial nature of the fclsites also necessarily falls through, on 
the grounds alluded to above. 

Evidence has also been given which shows that the idea of the 
supposed fold in the Pebidian rocks must either have arisen from a 
process of theoretical deduction, or as the result of an exceedingly 
imperfect acquaintance with the natural seciuence of the rocks and 
of the special petrological characters exhibited by the different 
members of the series. The assertions made, also, that the Cambrian 
conglomerates are conformable to the Pebidian rocks upon which 
they repose, and that “ they do not contain the characteristic rocks 
of the St. David’s district,” are amply refuted by the evidence 
given of the manner in which they are seen to overlap different 
members of the Pebidian scries, and by the abundant facts produced 
in the paper and in Mr. Davies’s notes, to show that the charac- 
teristic rocks do occur in the conglomerates, as proved by macro- 
scopical and microscopical examination. 
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Appendix. — Notes on the Microscopic Structure of some Rocks 
from Pembrokeshire. By Thomas Davies, Esq., F.G.S. (of the 
Mineralogical Department of the British Museum). 

Nos. 1-5. Those are textural varieties of the Dimetian, Nos. 1 
and 2 being from Porth-lisky, Nos. 3 and 4 from Porth-clais, and 
No. 5 from a quarry south of the Camp. It is difficult to add to 
the descriptions already given of this rock. The quartz is of a 
peculiarly dirty aspect, being filled with enclosures, by far the 
larger portion of which arc not fluid, but of a fine dusty nature, 
resembling much the dusty debris of fels])ars. It is often of a 
rounded character, like that of a tyjncal quartz-felsite, and fre- 
quently in isolated cr 5 ^ 8 tals, surrounded by a mass of what may be 
immature or undeveloped rather than altered Iblspar. There is 
orthoclase and sometimes plagioclasc and microcline. No mica is 
present, but in No. 4 then; are evidences of the former presence 
either of hornblende or of biotite, probably the latter. The green 
chloritic mineral occupies interstices or fissures, or j^artly re])laceK 
the felspars, and it presents no indication of its having resulted 
from the decomj)osition of a micaceous constituent. A rhombohedral 
carbonate is present in No. 1, which is probably a dolomite. The 
])eculiar dcndrito-graphic structure existing between the quartz and 
the felspar is very striking in Nos. 2 and 3 — a rock which, probably 
from crushing, presents a remarkably breeciated aspect. No. 5 is 
bajided, the darker bands containing much of a fine-grained trans- 
lucent grey mineral, which depolarizes light. 

I may remark here that on a former occasion I thought this rock 
might be grouped with the quartz-schists (Q. J. G. S. vol. xxxiii. 
p. 232). At that time, however, but little microscopical work had 
been done upon the massive schists, and it was the unfamiliar 
cr} stalline relations of the constituents which led me to that view. 

No. 6 is another specimen of Dimetian from the Brimaston 
Mountain. It is coarse-grained and, macroscopically, shows slight 
signs of foliation. Under the microscope the quartz exhibits the 
same dirty aspect as in the preceding, and also, as in those rocks, 
frequently appears in individual cry'stals resembling those of a 
quartz-felsite. There are traces of a mica, but it is much altered 
and obscured by opacite. The felspars are in large immature indi- 
viduals, and, with the quartz, present sometimes a dendrito-graphic 
character. The rock seems to have been much crushed. Though 
from a^ifferent area, this belongs to the Dimetian type. 

No. / is a purplish-grey compact rock, intrusive in Dimetian at 
Ogof-llesugn. It exhibits a fine micro-crystalline ground-mass, with 
a few crystals of orthoclase and plagioclasc. The whole is pervaded 
by minute grains and crystals with square outline, of a black and 
opaque mineral. It is much fissured, the fissures being lined with 
secondary quartz. This is a felsite, slightly porphyritic. 

No. 8 is from Porth-clais farmyard, and exhibits the junction of 
two rocks, which under the microscope present the characters of the 
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Dimetian and of a felsite respectively. The ground-mass of the 
latter is micro-crystalline, and shows small fragments of quartz torn 
from the Dimetian, which latter is scarcely, if at all, changed. 
There is no evidence of a passage from one rock to the other. Macro- 
scopically the junction is well marked, though the edges are welded 
together. 

No. 9 is a bluish-grey compact rock, with circular or ovoid 
patches resembling spherules. In thin section it resembles No. 7, 
but is still finer grained ; the minute black mineral is present here 
also in abundance. The patches consist of a micro-crystalline 
ground-mass similar to the rest of the rock, and contain some 
diffused chlorite ; the}^ are surrounded by a belt of a slightly coarser 
texture than the remainder of the rock. This is also from Porth- 
clais farmyard. 

No. 10, from a field north of Porth-melyn, is a compact grey 
rock, with numerous crystals of altered felspars and some (juartz. 
Under the micro8COi)e the ground-mass is liighlj^ crystalline, with a 
tendency to a spherulitic siructurc in places, and encloses numerous 
crystals of orthoclasc and plagioclase ; the quartz is not so abundant. 
There is much of the green minerals distributed throughout, some- 
times replacing the felspar crystals wholly or in part. This is a 
porphyritic quartz-felsitc. 

No. 11. blast of Dowrog Pool. A dull dark-green rock, showing 
some enclosed small quartz crystals. Under the microscope it is 
seen to consist principally of fragments of (juartz, much of which is 
of the dirty character of the Dimetian ; some, liowever, are clear, 
and such as characterize the quartz -felsites. The small amount of 
felsitic ground-mass is micro-crystalline, and is pervaded by the 
bright-green mineral, which also fiUs fissures and cracks in the 
quartz crystals, and ajipears to have replaced most of the felspar. 
There is much iron-pyrites in small crystals, also magnetite and its 
decomposition-products. A few felspar crystals or fragments show 
traces of Carlsbad twinning. The whole appears to have been much 
crushed, for the rock, as well as the quartz fragments, is fissured 
and fractured in all directions, and the quartz much displaced. 
There is much secondary quartz. 

No. 12. Cam, Ilamsey Island. Macroscopically this is an ex- 
cessively fine-grained rock, of a greenish-grey colour and homstone- 
like fracture. Weathers white, the weathered surfaces presenting 
strong indications of bedding. It resembles an old rhyolite, but on 
examination of a thin section it appears as though it would group 
best with the hallcflintas, though it differs from the lloch-Castle- 
rock type in the larger size and character of the individual grains 
and in the absence of quartz nests. This is a very puzzling rock, 
which for the present I am inclined to regard as a quartzo-felspathic 
ash. 

No. 13. Cam, Eamsey Island. This is a dark-grey rock, much 
marbled with yellowish white. In thin section it presents a 
micro-crystalline ground-mass, which is pervaded by a yellowish 
substance having no action on polarized light. Quartz and felspar 
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crystals are present, the former being much fissured. This is a 
qnartz-felsite. 

No. 14, from Cam, Bamsey Island, is much like No. 12, but con- 
tains distinct quartz fragments. It may be regarded for the present, 
like No. 12, as a quartzo-felspathic ash. 

No. 15. Aber Mawr, Eamsey Island. A gre 3 rish rock, with 
quartz and felspar crystals. The ground-mass is medium crystal- 
line, with numerous small quartz and felspar crystals ; this encloses 
larger crystals of the same minerals, though the two felspars are 
much altered or perhaps immature. Around some of the felspar 
crystals the dendrito-graphic structure is slightly developed : this 
structure also appears in parts of the ground-mass. Contains a 
little calcite in spaces, secondary quartz, and much epidote with 
chlorite, which appears in some cases to replace the felspar. This 
is a porj)hyritic quartz-felsite. 

No. 16, from Well on the road to Caerfai. A bluish-grey rock, 
.with many quartz and felspar crystals, and disseminated iron-pyrites. 
The micro-crystalline ground-mass of this rock varies very much in 
texture, and encloses abundance of quartz, which is frequently much 
fissured and fragmentary. This appears to me to be a quartz-felsite 
breccia. 

Nos. 17 and 18, West Creek, Nun’s Well, are fragments from a 
breccia. No. 1 7 contains two felspars, in a very fine-grained ground- 
mass ; one crystal appears to be partly replaced or honeycombed 
by quartz. In No. 18 a dust-like substance, having no action on 
polarized light, pervades tlie whole ground-mass, though thicker in 
somewhat irregularly distributed patches. It is much fissured, and 
traversed by veins of secondary quartz. There are evidences of 
felspar cr^^stals, around some of which appear traces of a former 
fluxion-structure. A mineral in slender prisms has been replaced 
by a black opaque substance. Epidotic and chloritic minerals are 
present, but much obscured by the decomi)ositi{)n-products of ferri- 
ferous minerals. Tliese appear to be altered felsites. 

No. 19. Caerbwdy Valley. A grey or greenish-grey compact 
banded rock, with hornstone-like fracture. Under the microscope, 
in ordinary light, it presents innumerable exceedingly minute grains 
of a very pale 5 ’ellowi 8 h transparent mineral, in a clear ground-mass. 
Much of a greyish opaque substance is disseminated throughout. 
This is a porcellanite. 

No. 20 is an arkose-liko rock from Porth-lisky. It consists of 
fragments of felspar and quartz in a confused micro-crystalline 
ground-mass, which also contains much of a grey dust-like substance 
diffused throughout. This is probably a quartz-felsite breccia. 

No. 21. WTest side of East Harbour, Porth-lisky. This is a fine 
schistose greyish rock with a white silky mineral. Under the 
microscope it exhibits fragments of quartz much resembling that of 
the Dimetian, separated by a filmy micaceous mineral which feebly 
depolarizes light. There are also occasional fragments of a rock 
resembling the porcellanitcs. 

No. 22 is from the east side of West Harbour, Porth-lisky. It 
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is a purple brecoiated rock. Much of the quartz of this rock is 
of a dirty character. The large purple fragments present no defi- 
nable structure and contain no mmerals ; they correspond very well 
in aspect with the porcellanites. It is a porcellanite breccia. 

No. 23. Quarry north of Board School, St. David’s. This is a 
porcellanite presenting the same structure as No. 19. It is much 
fissured, the fissures being occupied by a colourless foliated mineral 
which depolarizes light. 

No. 24. By Quick well Bridge, north of St. David’s. A dull 
purple rock. This is a breccia containing a few fragments of a rock 
resembling the porcellanites, clear quartz, and fragments of two 
felspars and altered felsites. The cement is black and opaque. 
The rock consists principally of volcanic debris. 

No. 25, from Maen-dewi. This is a porphyritic quartz-felsitc very 
rich in (|uartz and felspar crystals, both of which frequently present 
a fragmentary or angular aspect. The ground-mass is also very 
confused, and between crossed nicols is microcrystalline and shows 
traces of an original fluxion structure. Contains chlorite in vermi- 
cular groups of crystals. Looks brecciatod, but if so, it is probably 
in sit It, 

No. 2C), from Bhodiad, is a pebble from a breccia. This some- 
what resembles No. 25. The ground-mass varies in patches be- 
tween a inicrocrystallino and a cryptocrystaUine structure. It is 
pervaded by irregular grains of a mineral which sometimes depola- 
rizes light. This is probably of secondary origin and appears to 
have frequently replaced part of the felspars. 

No. 27. Another ])cbblo from the breccia of Ilhodiad. This is 
another quartz-felsite a somewhat different character from tlio 
preceding. Jt has a clear ground-mass, which between crossed 
nicols is microcrystalliiie, and contains a smaller number of crystals 
of two felspars and of quartz. 

No. 28, from Treglemais, is a breccia. Much of the rock is 
felsitic ; but there are also fragments which, seen under the micro- 
8C0{)e, strongly resemble the hiilleflintas, and also a rock with the 
minute indefinite structure of the porcellanite and having no action 
on polarized light. It also contains fragments of felspars and of 
quartz such as might have been derived from a quartz-felsite ; also 
a fragment of a basic rock with columnar felspar. The whole is 
pervaded wdth a pale-grey mineral which is more abundant around 
the fragments. It depolarizes light strongly. 

No. 29. Same rock as No. 28 and from same place, but contains 
more fragments of felspar and quartz, and also more of the basic 
rock. Contains the same depolarizing mineral, but here it is some- 
what yellowish in colour. 

No. 30. This is a greenish-grey compact rock from Treglemais, 
and is a fragment from the same breccia as No. 29. Ground-mass 
medium-grained crystalline carrying numerous, though isolated, 
spherulitic developments of the same. Felspar crystals are not 
numerous. Some of the secondary mineral characterizing Nos. 28 
and 29 is here also, and some small diverging groups of crystals. 
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I think this rock should begrouj)ed with the line-grained spherulitic 
quartz-felsites of the St. David’s Board Schools. 

1^0. 31 is a breccia from Treginnis-Uchaf Field, S.W. of St. 
David’s. This is similar to No. 28. Contains large fragments of a 
qiiartz-felsite in which the felspar crj^stals are only recognizable 
between crossed nicols ; some of them possess the same cryptocrystal- 
line structure as parts of the ground-mass. There are also frag- 
ments of a felspathic basic rock. The same granular depolarizing 
mineral pervades this breccia. 

No. 32, from a quarry in field on the path to Emlych, N. of St. 
David’s. A greenish rock with a somewhat schistose aspect. This is 
a quartz-folsite with much of a fine-grained black substance 
(opacite ?), irregularly distributed, and sometimes closely aggregated 
in patches, giving the section a brecciated aspect. There is much 
chloritic and some epidotic mineral present. 

No. 33, from Carn-ar-wig, llamsey Sound, is macroscopically a 
schistose felsitic rock with a bright-green mineral. Under the 
microscope is seen to present a fluxion-structure, enclosing fragments 
of microcrystalline felsites with quartz and felspar crystals, which, 
however, do not, as a rule, lie wilh their longer axes parallel to 
the apparent foliation. The substance to which the schistosity is 
due is not arranged in continuous bands, but lies in small, wavy, 
lenticular groups. It is a schistose quartz-felsito (old rhyolite). 

No. 34, from east of Pen-y-foel. This is a diabase, rich in olivine 
and felspar, and poor in augite. The felspar is in small columnar 
crystals much altered, and presenting, between crossed nicols, a 
microcry stallinc structure. 

No. 35 is from Pen-maen-melyn. This rock has apparently been 
much broken up and decomj)osed. Its fissures, which are very 
numerous and run in all directions, are filled with a fine crystalline 
carbonate of lime, which gives the whole a brecciated aspect. Th (5 
destruction of the fcls])ar has probably supplied the grey dust which 
pervades the whole. The augite has been broken up and in places 
partly replaced by a yellowish dichroic mineral. There are sufficient 
traces left, however, of both of these minerals to show that the rock 
was originally a felspathic diabase. 

No. 36 is a dark-grey ashy-looking rock from Carn-ar-wig. It 
appears to be a brecciated ash. It contains fragments of a rock 
resembling a felspathic diabase mixed with crystals and fragments 
of felspars, which have been so altered as to present a fine-grained 
microcrystalline structure between crossed nicols. There are some 
fragments of felsites with a few quartz grains. 

No. 37, from oast of Castell, is a dull purplish ashy rock with 
some epidote. In thin section it presents similar characters to 
No. 36, but is of finer materials, and the felspar crystals are 
more abundant. It contains much opacite and the pale-green 
mineral. 

No. 38. West of Rhosson Rock. This is a very compact greenish 
rock with minute brownish-red spots. In thin section with ordinarj’^ 
light there are seen abundance of columnar crystals, which are pro- 
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bably immature, or completely altered felspar ; its habit is that of 
a plagioclase. Augite in minute irregular interstitial grains is 
present and also olivine. This is another diabase. 

No. 39, from Ogof-golchfa, Whitesand Bay. A dull greenish 
and purplish schistose rock brecciated with fine materials. The 
mass of this rock is of exceedingly fine grain, showing between 
crossed nicols a very minutely granular mineral which depolarizes 
light. Here and there are ovoid fragments of microcrystalline 
structure (probably felsitic) and the debris of rocks like Nos. 30 and 
37, but still more altered. An occasional quartz crystal is also 
present. Contains some magnetite and also opacito, which, besides 
being irregularly distributed, lies thick in places along the lines of 
foliation. This is a schistose tuff. 

No. 40 is from the same locality. It is a similar rock to No. 39 ; 
but is more schistose and contains more of the microcrystallino 
felsites and quartz, with much distributed magnetite. 

No. 41. A pale greenish compact rock resembling a homstone, 
from Emlych. The constituent of this rock is so exceedingly 
minute and indefinite that its nature cannot be determined even by 
means of the microscope. Seen with a |-inch objective in ordinary 
light it appears to bo schistose, and between crossed nicols is 
distinctly so. It is probably a fine tuff. 

No. 42, from Ogof-llesugn, is a greenish breccia with large 
fragments of quartz, and quartz with felspar. In thin section shows 
much quailz, some clear and some dirty. Contains fragments and 
crystals of two felspars, also distinct fragments of a rock consisting 
of quartz, altered orthoclase, and plagioclase with an interstitial pale- 
green mineral. Some of the fragments exhibit the dendrito-graphic 
structure so frequently found in the rock of the Himetian ridge. 
The whole appears to bo cemented by a kaolin-like paste. There 
can bo but very little doubt that wo have here a breccia consisting 
almost entirely of the debris of the Dimetian, as the fragments above 
described arc not to be differentiated from it. The fragments are 
not sufficiently angular to admit of the supposition that they are the 
result of a brocciation in situ. 

Nos. 43-48. These are si)ecimens of the Cambrian conglomerate 
from West Creek, Nun’s Chapel. They oonsist very largely of 
quartz, but principally of the dirty kind. Some enclose fragments 
of a well-defined quartz- schist, the mica constituent of which is 
pale- coloured and slightly dichroic. There are also fragments of a 
felsite with outline indications of the former presence of crystals of 
felspar, and of a schistose rock like No. 41, quartzite, and traces 
of a mica much obscured by alteration. 

No. 49 is from the Lower Cambrian conglomerate of Porth- 
melyn, near Nun’s Chapel. It consists principally of the dirty 
quartz with traces of felspars, which in some instances have dis- 
appeared during the preparation of the section. This is an arkose 
and probably derived from the Dimetian. 

No. 50. Cambrian grit or conglomerate from near Chanter’s 
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Seat. Consists largely of small quartz pebbles, some of which are 
clear, others of the dirty llimotian type. Encloses a* small but 
distinct pebble of quartz and felspar. 

No. 51 is a conglomerate from near Chanter’s Scat, the pebbles 
of which are mostly small. Among numerous pebbles of more or 
less dirty quartz are several of plagioclase and microcline felspar, 
much altered, and several small pebbles of the dirty quartz with 
plagioclase. A small pebble of a much altered basic rock is present 
also. These pebbles are not closely aggregated, but are cemented 
together by a dark-grey cemout. 

No. 52. Cambrian from near Chanter’s Seat. Contains quartz 
in small fragments with felspars much altered. The cementing 
material is here very dark and opaque, probably from the presence 
of much iron -oxide. Encloses a pebble with associated quartz and 
decomposed felspar. 

No. 53. Grit from Chanter’s Seat. Macroscopically an arkose- 
like rock consisting of rounded quartz and decomposed felspars. 
Microscopically it is found to consist of the same minerals, the 
plagioclase and orthoclasc being more rounded than the quartz 
and much altered, in some instances almost entirely replaced by 
quartz and the greyish -green mineral so fre(]uent in all the rocks of 
this area. Some small pebbles are present, the structure of which 
resembles that of a basic rock. 

No. 54. Cambrian from near Chanter s Seat. This is similar 
to 52. Contains a pebble of dirty quartz and altered plagioclase, 
with some decomposed felspar. 

Nos. 55-00. Cambrian grits Ac. from Chanter’s Scat and beds 
below. Prepared sections of these conglomerates or grits enclose 
small but well-defined pebbles of dirty quartz associated with altered 
felsi)ars. 

Py far the larger portion of the quartz pebbles have also the 
characteristic cloudiness of that of the Dimetian, The clearer 
pebbles are suggestive of having been derived from quartz-felsites. 
Numerous rounded crystals and grains of altered felspar, some of 
which can be distinguished as plagioclase, are shown in all the 
sections, though varying in amount. Some of the sections enclose 
fragments which strongly resemble the more quartzoso parts of the 
fine-grained Dimetian. Fragments of quartz-schists with mica, and 
traces of individual mica plates are present, but very sparsely. 

No. 01. Cambrian conglomerate from Caerbwdy Valley. Con- 
tains some quartz, like the preceding, fragments of a felsite much 
altered, and also a fragment of a porcellanite. More of the fel- 
spathic cement is present in this section. 

No. 62. Cambrian grit in contact with Dimetian, from Porth-clais. 
Consists almost entirely of dirty quartz, but with more of the 
felspathic cement, which also carries smaller quartz grains. There 
are some rounded fragments of a felsite. 

No. 63. Cambrian sandstone in contact with Dimetian, from 
Porth-clais. This is a very fine siliceous grit, but it contains very 
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numerous fragments of felsite and of felspar, some of which is 
plagioclase. A colourless mica is present. 

No. 64. Cambrian sandstone from Ogof-llesugn. This is a much 
finer rock than 63, but with a J-inch objective is seen to consist of 
the same minerals ; the felspars, however, with the exception of a 
little plagioclase, seem to have been much broken up. There is 
more of the micaceous mineral than in 63, 

No.. 65. Cambrian conglomerate, west of Rhosson Rock. Is 
composed of dirty quartz with fragments of quartzite and quartz- 
schist with mica. 

No. 66. Cambrian conglomerate, west of Rhosson Rock. En- 
closes much quartz, but contains a fragment of a schistose felsite like 
39, also fragments of quartz-schist with a nearly colourless mica. A 
yellowish foliated mineral occupies the interstices between the detrital 
fragments. The remains of felspar are too much altered to allow 
the recognition of its specific character. 

No. 67. Cambrian conglomerate, west of Rhosson Rock. Much 
dirty quartz in a dark cement with fragments of a rock resem- 
bling 33. 

No. 68. This is a pebble from the Cambrian conglomerate, west 
of Rhosson Rock. It is a fairly typical quartz-schist with some 
interstitial felspathic material, and much of a nearly colourless 
mica. 

No. 69. This is a large pebble about 6 inches long by 5 inches 
wide, which has been brought from the Cambrian conglomerate 
of Whitesand Bay. it is a weR waterworn pebble, and presents a 
well-marked schistosity. A thin section between crossed nicols 
presents a cryptocrystalline ground-mass enclosing a few crystal 
outlines of felspar. These are now almost entirely replaced by crys- 
talline quartz, which also occupies fissures. An occasional quai-tz 
crystal such as arc characteristic of quartz-felsites is present. It is 
a schistose quartz-felsite and has great resemblance to No. 33. 

No. 70. A dark fragment from the Cambrian conglomerate near 
Castell. Shows in the section a very dark and dirty microcrystalline 
felsitic ground-mass with much quartz. It is a (quartz-felsite. 

No. 71. A pebble from the (Cambrian conglomerate, Ramsey 
Island. Shows a microcrystaUine ground-mass which, with 
ordinary light, presents a brecciated structure ; between crossed 
nicols this is not visible. Quartz and felspar crystals are sparse, 
and the latter much altered. Secondary quartz in fissures. 

The view that the Cambrian conglomerate of St. David’s encloses 
much waterworn dcibris of the Dimetian is, I think, fully justified 
by the evidence now adduced from the examination of many slides 
of this rock, few of which have failed to afford evidence of the 
presence, not only of pebbles of a rock which under the microscope 
could not be distinguished from it, but also of its individual mineral 
constituents. The slides examined and described here are not 
selected ones, but have been taken as they were cut. The pecu- 
liar quartz of the Dimetian, thronged, as it is, with extremely 
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minute enclosures other than fluid, causing its well-known dirty 
aspect, is abundant. The felspars of both rocks are of the same 
character and habit, although necessarily more fragmentary in the 
conglomerate. Though not abundant they are there, and can be 
mostly distinctly recognized. In some cases they are not more 
alter(*d than in the Dimetian ; but in others the structure has 
entirely disappeared, leaving a kaolin-like mass which feebly 
dc])olarizos light. 

'J'he contents of the Cambrian conglomerates of St. David’s found 
in the sections examined are : — 

Quartz, both dirty and clear. 

Small pcl)blcs consisting of dirty quartz with two felspars. 

Individual felspars, both orthoclase and plagioclase. 

Folsitca. 

Quartz-fclsitc. 

(iuartz-schists. 

Quartzite. 

Ilasic rocks. 

Porcellanite. 

Mica much altered. 

These arc all cemented by a magma which ajypears to bo more or 
less of fel8i)atliic origin. 

No. 72, from Treglemais, is a hiilleflinta-like rock, apparently 
brecciated in situ. It is of exceedingly minute; grain and encloses 
fi few fragments of felspar and of quartz. 

No. 7tl. Koch Castle. This section has already been described 
(Quart. Journ. Ceol. 8oc. vol. xxxv. (1870), p. 201, No. 2). I have 
but to reiterate that this rock contains undoubted sharp angidar 
fragments of quartz. 

No. 7*1. Koch Castle. A similar rock to No. 73, brecciated. 

No. 75. Koch Castle, Macroscopically this is a dull siliceous 
rock containing small fragments of a dull white, and larger 
fragments of a bluish-grey horn stone-like rock. In thin section it 
presents a similar structure io Nos. 73 and 74, but contains angidar 
pieces of a dense rock which has no action on polarized light except 
in minute points. 

No. 76. Roch ('astle. A similar rock, but of a reddish colour ; 
the included fragments are not so large. In structure it is similar to 
the preceding, but somewhat more coarsely crystalline ; it is much 
obscured by abundance of iron oxide. 

No. 77. Koch Castle. A hornstonc-liko fragment similar to that 
enclosed in No. 75, but of a coarser texture and more quartzose in 
aspect, with some attached fragments of a yellowish compact rock. 
Tlie section shows an exceedingly minutely crystalline ground- 
mass almost inert between crossed nicols, with much quartz in 
irregular grains distribiit(;d in patches and groups. The yellowish 
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compact fragments which are associated with it are quite inert 
between crossed nicols, and present no definite structure. 

78. Eoch Castle. A dull greyish-white rock. In structure 
almost identical with No. 73. 

No. 79. Eoch Castle. A grey compact rock with visible nests 
of quartz. A microcrystalline ground-mass with much folspathic 
dust distributed in piiichcs. Contains very numerous ovoid nests of 
quartz, which in some brocciated portions appear in ordinary light 
to resemble crystals of hdspar. Between crossed nicols this 
resemblance disappears. The hiillefliiitas from Eoch Castle now 
examined vary but little from those ];reviously described. They are 
brecciatod ; some contain undoubted angular fragments of quartz 
and of rocks with indefinite structure ; one contains fragments of 
what may have been a folspathic rock, or of folspathic debris in 
wliich the crystals of fels]iars, if they were such, are now replaced 
by quartz. The whole of these rocks are traversed by numerous 
fissures of secondary quartz, and crystalline nests of the same. 
They are ])robably indurated and altered bedded ashes. 

No. 80. Blumstonc Mountain. This rock shows a very fine- 
grained felsitic ground-mass crowdt^d wilU fragments of quartz, 
evidently detrital. A quartzo-felspathic ash. 

No. 81. riumstonc ^fountain. A yellowish-grey compact 
folspathic rock with numerous black s]>otH. A thin section shows 
that it is entirely felspa-thic ; it consists of large felspar crystals 
in a ground-mass of smaller columnar crystals of the same. They 
arc both orthocilase and jdagioclase ; many of the porjdiyritic crystals 
are replaced, or ])artJy so, by ii dark-yellowish mineral which de- 
polarizes light, and it is minutely dis])ersed throughout the ground- 
mass. A jKjrphyritic felsito. 

No. 82, from (ioultrop, soutli side of 8t. Bride’s Bay, is a rock 
which, macroscoj)ieally, appears to consist of felspar and quartz and 
to be distinctly foliated. 

In thin section it presents distinct bands of crystalline quartz 
remarkably clear and free from inclusions, with an occasional largo 
crystal of inicrocline or ortlioclasc, which are tolerably fresh. These 
alternate with bands of mingled felspars and quartz, the former of 
which sometimes ay)pcar as rounded or irregular grains. They 
seem to be much altered, between crossed nicols depolarizing light 
only in minute points and patches. A few small crystals or 
laminae of a green dichroic mica are sparsely scattered, while a 
green structureless mineral with some opacite occupies fissures. 

No. 83, also from Goultrop, is a similar rock, but of a greener 
colour and not so markedly of foliated aspect ; a section shows that 
the constituents are not arranged in such distinct bands as in No. 82. 
The rounded and irregular felspar grains are more numerous, and 
some, as in the preceding, show traces of twin striation. A green 
dichroic mineral occurs in wavy bands and is tolerably abundant. 
It is traversed by veins of secondary quartz. 

Q. J.G.S. No.l59. 2 p 
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Both of these rocks (Nos. 82, 83) present a distinctly gneissie 
aspect, more marked in No. 82, which, especially, bears a remarkable 
resemblance to some old gneisses. 

EXPLANATION OP PLATE XXIV. 

Geological Sketch of the older rocks of the St. David’s district. 

Discussion. 

The President, in inviting discussion on this important paper, 
expressed a hope that Fellows would limit their remarks to the 
points raised in connexion with the 8t. David’s district and not 
attempt to consider the general theories of metamorphism. He also 
trusted that the question would be discussed in a calm and scientific 
spirit. 

Mr. TorLEY said that tlio Director-General of the Geological 
Survey went to St. David s quite prepared in large part to accept 
Dr. Hicks’s views. He stated that 8ir Andrew Ilamsay’s earlier 
views were certainly much more correct than the later. He ad- 
mitted that if the statements now made by Dr. Hicks as to the 
presence of undoubted Dimetian fragments in the conglomerate 
could be substantiated, the main question was settled. He adverted 
to the fact that this evidence had not been brought forward at the 
reading of Dr. Geikio’s paper. He insisted that the specimens now 
exhibiied were excoj)tional in character, and that the Cambrian 
conglomerate is mainly a quartzose conglomerate and not made up 
of Dimetian materials. He admitted that some small fragments 
in the conglomerate did resemble Dimetian. He accepted the 
apparent unconformity in some places between the Cambrian and 
Pebidian ; but this was explained by Dr. Geikie as due to con- 
temporaneous erosion. The sections could only be judged by those 
who visited the country and compared the interpretations of Dr. 
Hicks and Dr. Geikie. He remarked on the peculiar fact of Dr. 
Hicks finding everywhere in small areas no less than three uncon- 
formable divisions of the Archaean series. This point had been 
insisted on by Prof. Blake. He alluded to the views of MM. Eenard, 
Wichmann, and Zirkel as confirming those of Dr. Geikie. With 
respect to the paper of Mr. P. Frazer, Dr. Geikie was not responsible 
for it, for that gentleman left the English surveyors before their work 
was concluded. 

Prof. Hull had not visited the district, but he insisted that the 
field-work at St. David’s had been done by such excellent geologists 
that he could not believe that it was to be set aside on such evidence 
as that brought forward by Dr. Hicks. He thought that the sup- 
posed inclusion of fragments of the older rocks might be accounted 
for by the breaking up of lavas as they flowed over the bottom of the 
sea, and the inclusion of the fragments in the still flowing mass. 

Principal Dawson remarked that some Canadian geologists had 
objected to the use of the terms Pebidian and Dimetian for the 
Pre-Cambrian rocks described by Dr, Hicks, and thought they 
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should have been named Huronian and Laurentian, since they 
resembled these rocks so much in mineral character. After hearing, 
the paper and the discussion which followed, he thought Dr. Hicks 
might be excused for inventing new names rather than identifying 
the disturbed and much disi)utcd rocks ho had described with the 
widely distributed and indisputable Pre-Cambrian rocks of Canada. 
The questions involved as to these beds were both stratigraphical 
and lithological. The sections exhibited showed great disturbance 
and complexity, except two of them, which appeared to show 
distinct unconfonnable superposition of the Cambrian on the Pebi- 
dian. Ho would ask Dr. Hicks to explain if these cases were really 
as plain in nature as they appeared in the diagrams. With reference 
to lithological questions, the most important and, indeed, decisive 
fact was the occurrence of pebbles of Pebidian and Dimetian rocks 
in the Cambrian conglomerates. In the case of mere grits, quartz 
sand and fragments of felspar went no further than to indicate deri- 
vation from granitic rocks of some kind. The occurrence of actual 
pebbles was, however, a decisive point. With reference to the Pre- 
Cambrian rocks of Canada, which had been referred to, he would say 
that, though the great Laurentian and Huronian series were clear 
and undisputed, there were cases where rocks having many of the 
mineral characters of these scries were so involved with folded and 
partially altered l^iluoozoic sediments that they ])rcsontod as great 
complexity as any in Wales or Scotland, and had led to much con- 
troversy. As an old member of the Society, but one who could very 
seldom be present at its meetings, he desired to express his gratifica- 
tion in witnessing its continued life and activity, and its energetic 
discussions of matters of geological fact, and more especially its 
prosecution of the great questions involved in the lithology and 
stratigra])hy of the old crystalline rocks. 

Prof. T. M^^Iv. IIuGUEs said the principal question at issue was 
whether the so-called Dimetian was older than or intrusive in the 
Pebidian and Cambrian. Ho thought that Dr. Hicks had somewhat 
unwisely accepted the challenge of the Director-General to allow 
the settlement of the question to depend upon the finding of frag- 
ments of Dimetian in the base of tlie Cambrian, as he did not believe 
that the little particles of felspathic rock in the grit would carry 
conviction. All the junctions between the Cambrian and the 
Dimetian are faulted ones. At the one point where the junction 
could be best studied, there was no j)roof of contact-metamorphism 
but only of crushing. Ho thought Dr. Hicks had gone far towards 
demonstrating the truth of his views concerning the principal 
question. 

The President could not admit the validity of the rule which 
Mr. Topley sought to establish, that the reply to an attack should 
be given immediately. Ho had seen all the slides referred to by 
Dr. Hicks and Mr. Davies, and was bound to say that they bore out 
the views of the author as to the presence of fragments of Dimetian 
rock in the grit of the Cambrian. He fully agreed with all the 
more important conclusions at which Mr. Davies had arrived. 
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Dr. B[icks, in reply, said that when the Director-General read his 
second paper he had only the night before returned from St. David’s, 
and it was therefore impossible to reply to the whole of the attack 
at the time. He was anxious also that the evidence which he 
had obtained should be thoroughly examined by the most com- 
petent authorities before it was submitted to the Society. Well- 
rolled pebbles of the Dimetian were so abundant in the Cambrian 
at one place (Chanter’s Scat) that they formed nearly the whole 
material of some of the beds. The statement that the three un- 
conformable divisions always occurred, even in small areas, was 
incorrect. He denied the repetition of the beds as asserted by 
the officers of the Survey. He thought the Pebidian in its characters 
and relations strikingly agreed with the Iluronian of Canada, as 
admitted by Dr. Dawson. The unconformities were perfectly clear 
in coast-sections. 
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38. On the Internal Structures and Clabsipicatoet Position of 
Micrabacia COEONULA, Goldfuss , sp . By Prof. P. Martin 
Duncan, M.B. (Lond.), E.ll.S., E.G.S., &c. (Bead June 11 
1884.) 

Micrabacia coronula, Goldfiiss, sp., called Cyclolifes by William 
Smith (1810), is a characteristic fossil of the Upper Greensand, and 
has been found at Warminster and, according to W. Smith, at Chute 
Earm and Paddle Hill, near Dunstable, and in the beds at Essen and 
Le Miins ; it is also found in the “ Cambridge Greensand.’’ Bolsche 
has described a ^Jicrahacia from the Senonian. 

The external characters of the spc'cies have been beautifully deli- 
neated by Milne-Edwards and Jules Daime, in their monograph of 
the British Eossil Corals and the description of the specimen used 
as a type is, as might be anticipated, careful and correct. Allowing 
for variation in some ])arts, the description permits any specimen 
to bo recognizefl, s])ecifically, fi om the a])pearanee of the external 
structures. It docs not ap])ear that these authors made sections of 
this coral, and as their work was classihcatory and not necessarily 
mor])hologieal, tlu'y probably did not think it necessary to investi- 
gate the inlernul structures s])ecially. 

The generic diagnosis of the ty])c was also carefully given by 
Milnc>Ed wards and Jules Haime, and the genus Micrabacia was 
sej)arated from the genus Ihinyia^ Dana, by tlum. 

They placed tho genus in the t'amily of Aporose Corals called 
Fungidiu by Dana, and in their own subfamily Eungina), w^hich 
includes Eiingidjc with perforated walls. The geiKuic and specific 
diagnoses and the synonymy are given in the ‘llistoire Naturelle 
des Coralliaires,’ vol. hi. ]>. 2b. 

After the careful deseri]dions of these authors had appeared, came 
the work of M. de Eronientel, entitled ‘ Introduction a I’Etude des 
Polyi>iers Eossiles,’ 18r)8-18()J. It does not add anything to the 
knowledge of llu! genus or s])ecies, and merely complicates the 
classificat ory position by uniting the form with othcTs which are 
morphologically distinct. 

Many years since the late Dr. S. V. Woodward directed my atten- 
tion to the si)ecies, and to its interesting resemblance to a discoid 
Steplia no I duf I lia . 

()u woj king at Ihe subject I was not so impressed as my teachers, 
MM. Milne-Edwards and Jules Haime, had been of the impor- 
tance of the remarkable arrangement of the costas in Micrabacia 
coromdci, because some Australian corals, with which I was then 
familiar, indicated that the peculiarity could or could not exist in 
difi'erent species of a genus. Subsequently, thus influenced, I de- 
scribed Micrabacia Fitton% a new form from the Gault of England t. 

* Pal. Soc. 1880, ‘ British Fossil Corals,’ pt. 1, Tab. x. figs. 4-4a, and p. 60. 

t ‘ Monogi apli of the Sc^coudary Corals of England,’ Pal. Soc. pt. ii. no. 1, 
p. 37, 1806. 
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Lately, during: a re-nsion of the genera of the Corals, I have care- 
fully re-examined the structure of Micrahacia coronula, and have 
compared its internal morphology with that of Fumjia and Anahacia, 
and especially with that of a new recent species {Diafimgia (jranw- 
lata, nobis*), which, although it cannot enter the genus 'Micra- 
hacia, presents in many points very striking resemblances. 

Micrahacia is one of those genera the comi)rehension of which is 
impossible without the study of the nearest allied recent genus. 
This modem type is the genus Fumjia {jyars Lamarck, consolidated 
hy Dana). The nature of the synapticula of Funjia (the essential 
moTphological element of the family in which the genus is placed), 
the character of the septa (some solid, some perforate), and the 
nature of the wall, hitherto quite misunderstood, were considered 
in a communication to the lAnnean Society t. 

On comparing Micrahacia with other members of the subfamily 
Funginic, it is evident to me that MM. IMilne-Ldwards and Jules 
Haime w^cro i)crfectly correct in their estimate of tlie classificatory 
position of the genus — tliat it is allied to the genus Fiiyigiu, and that 
it has been misplaced by M. de Fromentcl. 

The following is the generic diagnosis given by Milne-Edwards 
and Jules Haime in ‘Hist. Nat. des Corail.’ vol. iii, p. 2b, 1860: — 

“ llie corallum is siinjJe, lenticular, ])lano-convex, and without 
tr.'ice of adherence. The ■wall is sensibly horizontal : it presents 
delicate non-echinulatod and siinjdy granular costm, ■\\'hieh alternate 
witli the outer edge or margin of the sejJa, and the iut(‘i’costal 
grooves liuvo a regular series of little' jX'rfo rations. The septa arc 
moderat('ly nnnierons, straiglii, dentienlatod, and are free at their 
inner edge. Tlic columella is riidini(‘ntarv or do('s ]iot exist .” 

Milue-Edwards and Jules Haime distiuguisli Micrahacia from 
Faix/ia because the first-named has non-e(liiimlat<‘d costa), and the 
last has its septa and costa) directly continnons. These autlnms do 
not describe tlie syna])ticnla of Micrahacia^ noi’ the nietliod of foimia- 
tion of what they call tlu' wall, which is regularly perforated. 

These arc im])ortant points, and it is neca'sstiry to study them, 
and also the condition of the septa, which are said hy one author to 
bo ])erforated. 

This research is all the easier since the description of the genus 
FinajiaX exjdained the nature of the synajdicula, their relation to 
a system of interseptnl cliannels o])ening at the base of the coral, 
and communicating with the medium at the surface of the calico also, 
and the structure of the base itself, which has not a true Ihoca or 
wall. 

In manipulating Micrahacia, sections should not he cut vertically, 
but the coral sliould ho fractured with hone nippers in that direc- 
tion. The result is to show the synapticula well. 

Taking the structural dt'tails given by !MM. Milue-Edwards and 
Jules Haime, in the order followed by tliose aiitliors, there is no doubt 
that the sliapo of the corallum is wdiat they state it to be. But the 


* Journ. Liun, Soc, Zool. vol. xvii. p. 417. t Ibid. p. 137. t Ibid. 
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base, although circular in outline, is not horizontal in any of my 
specimens, for there is a slight but decided hollowing which permits 
the coral, not to rest upon the whole surface of the disk-like base, 
but only on its edge or circumference. 

At first sight this is aii unimportant peculiarity, yet it clearly 
relates to the nature of the synapticular structures, and to the more 
or less perfect canal-system within the coral. Were the base per- 
fectly flat, there could be no ready communication between the 
outside medium and tho interseptal spaces from below. Such a 
communication, although distinctly opposed to the idea of a Coelen- 
terate organism, is evident enough in many of the Funginse, and 
especially in the genera FtoKfla and IlerpoUtha, In the Fungice 
especially tho base is hollowed out and the corals rest on the edges 
of the disk, leaving a space for water between the supporting sub- 
stance and the centre of the base. 

The cosla^ are as described by MM. Milnc-Ed wards and Jules 
Haimo ; and it faciilitates the comprehension of their relation to tho 
septa by stating that each costa lufiircates at the circumference of 
the base of tlie coral, and that the right-hand bifurcate process of 
one costa unites with the left-hand bifurcate process of its neighbour, 
and that a septum is prolonged from this union (fig. 3). 

This arrangement necessitates tlic se])ta being continuous in 
direction with tin; inlci'co.stal spaces, and not with the costa?. 

The regular i)cri‘oratious of the intercostal grooves are very sym- 
metrically placed, and add to the beauty of a well-preserved fossil. 
These openings lead up into the coral, between the sei)ta into the 
interseptal loculi. 

These spaces arobouTidod at the sides by costa?, and internally and 
externally by bat’s which are the lower ends of synapticula, and not 
portions of a theca or wall. 

In order to comju elieiid this statement and to examine the synap- 
ticula at the base? and liighcr up within the interseptal loculi, it is 
necessary to fracture a coral, so as to separate some septa from those 
next to them. 

On examining tlio exposed sides of the septa it is found that 
these moderately close, un(?(|ual lamina? are solid. They are den- 
ticulate at tho free edge, rather thin here and there near the serrated 
margins, and more or less ornamented with lines of granules which 
never unite across the interseptal spac.es with their fellows of tho 
opposed septa. 

But there are fractured surfaces seen on the sides of tho septa, 
situated on irregular eminences which vary in length, and have a 
decided trend from the base or lower part of the septa, radiating 
more or less, to about three-quarters of the distance from the lower 
part of the septa to their upi)er free edge (fig. 1). Sometimes the 
projections approach nearer the edge. The projections are synap- 
ticula broken across ; and it is noticed that whilst some are long and 
extend uninterruptedly over much of the septal side, others are 
shorter, and that a few bifurcate. The synapticula are stout, 
moderately thick from within outwards, and tolerably close on© to 
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the other, the intervening space forming a canal when the septa 
are placed in normal apposition and the fractured surfaces of the 
synapticula arc united. The 63'napticula are rarelj'^ continuous up 
an intermediate loculus, hut are usually in continuous series, and 
the direction is well preserved (fig. 1). Eut this discon tinuit}’ inter- 
feres with the porfactness of the canals and permits them to com- 
municate. 


Pigs. 1~3. — Structure o/Micrahacia coronula. 

1 . 

9 



Fig, 1, A sociionof Micrahacia coroonda, ningiiified, Eliowing httsal nrid Ecplal 
svii.'i])! iciilji. 

Fig. 2, SviiJiplicula ending close above the basal synaptieida, nuieli magnified. 
Fig. 3. Side nr inarginaJ view, showing bi lu real in g eosl a tenniiiotiiig above 
in sei)ta, mueli magnified. 


Sometimes the synapticula, when looked at from above, are 
slightly eonstricted ; ])ut tlieir huigth ran never be a])i)reciated from 
such a view, for only their to])s are tlien seen. 

On tracing the synapticula, in fractured specimens, downwards 
in the lower i)arls of the interse]>tal loculi, thej' will be found 
usually to cease above tbo base (tig. 2), and to be succi'cded in 
order by others, which are sliort and variable in shape. Tliose at 
the base arc the bars seen between the costae at the base of tho 
corallum. The spaces between these bars ])ass upwards into the 
more or less continuous canals just mentioned, and the bars are 
evidently synapticula. 

The synapticula arc often large, rather high up in the loculi, and 
they cover much of the surface of the septa, but there is much 
variation in their development in different individuals. 



PROF. P. MARTIN DUNCAN ON MICRABAOTA CORONULA. 565 

The costsD unite in series before reaching the centre of the base, 
and carry one lino of granules, and this appears to be the rule. 

On turning the corallum on its edge so as to see the junction of 
the septa and the cost®, the interesting bifurcation is occasionally 
very visible and sometimes is marked by the thickening of the ends 
of the cost® (fig. 3). Weathering or rubbing down, assists the 
demonstration. 

The columella is small and rudimentary. Prom these consi- 
derations the generic characters of Micrabacia should be thus 
modified ; — 

Corallum simple, lenticular, convex above, slightly hollowed out 
below, restirjg on the edge of the basal disk. Costa) delicate, simply 
granular, bifurcating at the calicular margin. Intercostal si)aces 
crossed by synapticula, and having a regular series of 0 }>ening 3 
leading upwards into the intersept al loculi. 8e])ta, continuous with 
the intercostal s])acos, and formed by the junction of a process 
from tbe two nearest cost®, arched, denticulate, solid, iinecpial. 

Synapticula well devclo])ed in series, continuous or discontinuous, 
terminating moderately high u]) on the intcrso])tal loculi, and ending 
below as intercostal bars having canal-like s])aees between them. 

, Columella nidiTiientary. 

Jiemarlcs. — W ere tlie synn])ticuhi invariahly continuous as 
cesses from the base to high u]) in the inters(‘plal loculi in Mierahacia, 
this genus would ])resenthut slight dist inctions from Fumfia, Dana. 
There are otlier distinctions, ]iow(‘ver, of greater or less importance, 
such as tlie regnlaihy of the s]>ac(‘s on the intercostal grooves in 
Micnilxfcia and tlieii* irrogularity in F((n<fui. tlic n'gnlaihy of the 
synapticulato Lars in the one and their irregul irity in the other, 
where they aro often confused by a kind of thecal growth at the 
base. 

In Fancfia there is a curious overlap of largo strata in relation 
to small ones, and the cost® are ecbinulated ; these; characters are 
not scoji in Alicrahacid., 'I'lu; young .sej)ta arc often fenestrated in 
Flint fia., but not in Allcrnharla. 

The genus JIalomitra lias syna])ticnla resemlding those of ATicra- 
hacia within the septal loculi, and the discontinuous synapticulura 
is a very Lophoscrine charact(;r. 

Now Alicnihana is older than Faiujia^ and the slight structural 
distinctions are therefore very suggestive of di*scent. 

Pinally, there is now gr{;at doubt about the generic ])osition of 
the speci(;s, AFicrahacia FlUoiit, I d(;scribod in the Monograph of 
the liritish Fossil Corals, raheontological Soci(;ty, from the Cault*. 
The type has unfortunately been mislaid by its possessor, so it is 
necessary to consider the excellent delineations given on plate xiv. 
figs. 6-9, by Do Wilde. 

One question is — Are the broad processes with blunt angular ter- 
minations costie from the apices of which thin sejita appear to arise? 
If they arc cost®, the form is not a Micrabacia. The second inquiry 


* 2d( 1 series, 1870, pt. ii. no. 2. 
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must be, What arc the thin light lines ending in thin septa at the 
margin and base of the coral (plate siv. fig. 8)? If they are (jostse, 
the probabilities are that the form is a Micrahacia, Again it is 
necessary to know whether the intercostal spaces of the figure (9), 
which are dark and black in colour, w'cre not the positions of the 
small thin costaB which bifurcated further out, and to inquire 
what are the spaces visible on the base of the niagnified figure of 
the base (7). I do not feel disposed to remove the species yet from 
Micrabacia^ but would rather suspend my decision until the type is 
found. In the mean time Micrahacia coroniila^ Goldf., sp., is a 
true member of the group Funginm of Milne-Edwards and Jules 
Haime. 


3)iscussion. 

The ruKsinuNT inquired whether the fossil described occurred in 
the Cambridge Crecijsand. 

Tlic Author suid that it did, but he thought it was as a derived 
fossil. 

JSlr. Cj]ami']<:i{nowni<: remarked on the well-marked character of the 
syna])ticula, and the relation of the fossil to the E'ungiduc. 

Mr. ErnKiiJnoK confirmed the statement that the structure of 
Mkrabdcla could not be seen in cut sections, but ouly by breaking 
the coi al. 

The Author pointed out the peculiarities in the structure of tlie 
costai and sej^ta, and thanked the rr(‘sident for the information 
regarding the discovery of the form in tlie Cambridge Greensand. 
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39. The Arch^an and Lower Paleozoic Rocks of Anglesey. By 
C. Callaway, Esq., D.8c., E.(i.S. With an Appendix on the 
Petrology of the Rocks by Prof. Bonney, D.So., r.R.S., Pres. 
G.S. (Road May 28, 1884.) 

In papers communicated to this Society* * * § and the Geological Maga- 
zine 1 1 have described in some detail the Archaean formations of 
Anglesey. I came to the conclusion that there was no satisfactory 
evidence of more than two of these systems, the Gneissic and the 
Slaty — the former nietamorphic, the latter, on the whole, hypo- 
metamorphic, but passing here and there into true schists, hardly 
less altered than some of those which occur in the older scries. 
This work was too laborious and absorbing to permit me to pay 
minute attention to the Paheozoic strata of the island ; and this was 
the less necessary, since other workers were approaching the inves- 
tigation from the side of the ncAver rocks. Their labours tended 
strongly to su])])ort my view's, so far as they referred to the central 
part of the island ; but much remained to be done in the north and 
west. I therefore determined to work round the margins of the 
Archman areas on which Holyhead and Amhveh arc respectively 
situated, and .1 liave liad the satisfaction of ascertaining that these 
masses are fringed on the cast and south respectively by shore- 
deposits, w'hich furnish evidence similar to thatj wdiicli has been for 
some years familiar to us in the conglomerates wdiich overlie the 
central axis. 1 have also discovered most interesting proof of the 
relations botw'een the twm Archaean systems. 

A. Relations between the Amlw'cii Archjean Mass and the 
Palaeozoic Rocks to the South. 

As the Palmozoic strata of Northern Anglesey dip in a northerly 
direction, in appaient conformity with tho a]t(U’cd§ rocks which lie 
to the north, the tw'o groujis might seem to be in true seijuenco. 
Sir A. C. Ramsay, howmver, held || that they were separated by a 
fault ; and of the correctness of this view 1 have no doubt. Sec- 
tions showing tin; actual contact are very rare. By far the most 
distinct junction is at Perth -y-corwg, on the east coast, where the 
rocks arc exposed in a per])cndicular cliff. Conglomerate and dark 
shale are brought against the hypomctamorphic slates by a fault, 
which is nearly or quite vertical. A notch is formed in the coast 
at the contact of the soft Palmozoic rocks with the tough green 

* Quart. Journ. Gcol. Soc. vol. xxxvii. p. 210. 

t Dec. 2, vol. vii. p, 117 (March 188(J) 

J Recently gi\en in greater detail by Dr. Hicks and Prof. Bonney (Quart. 
Journ. Geol. Soc. vol. xl. pp. 187, 200). 

§ Throughout this paper 1 use- the term altered” as inclusive of “meta- 
morphic”and “ hyporiietamorphic.” 

II ‘ Geology of Korth Wales,’ 2nd ed. p. 235. 
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Blates. Even wore no fault visible, a break might be inferred from 
the fact that the rocks to the north of the junction arc crumpled 
into very sharp coTitortions, and have undergone partial metamor- 
phism, while the shales immediately to the south of the lino are 
apparently iincljanged and have Buffered no contortion. 

1 have trac(‘d the junction of the two gi'ouj)S from this point 
WH'stward to Llanfflcwin, three miles from the west coast, and 
nowherci have 1 found the slightest evidence of a passage, though 
the two kinds of rock are fre(]uently seen within a few feet of each 
other. Some d(dails on this point ma}' be of interest. 

A little north of llyttia., nearly two miles west of Porth-y-corwg, 
the two formations arc exposed Avithin a lew yards of each other. 
The I’ebidian is a ])a]e-green altered slate, of the ordinary type. 
The ralieozoie is a eongloineratc', di]>ping Avith the relndian ; 3"ct 
there arc; no signs of b(‘.ds of passage. Moreover, ] traced the con- 
glomerate along to the east, and ascertained that it Avas the same 
bed Avliich at Torth-y-coi-Avg lies south of the fault-, so that the dis- 
location must extend at least as far Avest as liyttia. 

M’est of Jlyttia th(‘ liu(‘ of contact curves round to the south- 
west, and the congloimu-ate is no more seen, a conjunction of eir- 
ciimstanc(‘s more naturally (‘X])]aiued hy faulting than thiiming-out. 
Ifhick shales, standing verti('al, or even di])])ing iiway from the 
Pebidiaii, are noAV in eontaet Avitli the older g]‘oui) for nearly a mile 
to tli(‘ south-Avest. 

At Kaiitglyn, 2] miles AY.S.AV. of Pyttia, Avocomotoan excellent 
junction. ^I'he tA^() types are sct'ii almost- in contact in the road, 
and tile shales are an ell exjiosed in the (juarry at the house. Put 
there are no shalo-heds in tlio contorted seiies or altered beds in 
the shah'S. 

Phick sh.alcs may he sc'cn .at s(wer.al ]K)ints boiAveen the last 
locality and IJanfilcwin. They sometimes a]) 2 )roach to Avithin a few 
yards of th(‘ Arehieiiii; hut noAvlieie along this line have I been 
able to find the slightest evidence of a jiassagc betAveeii tlic two 
formations. 

On the Avest coast, south of Carmel's Point, I again observed 
Pahrozoic shales and altered Pehidian rocks in eliil'-s(‘ctions, and the 
faults wcr(‘ jicrfcctly dear. TIicre is, then, no liaison to doubt that 
the Porth-A'-eoj'A\'g fault extends right across the island, throAving 
down the Paheozoie strata .against tlic Pebidian of the Amlwch area. 

AVe are not, howcviu', left to the negative evidence of a fault. 
The eonglonu'rate Avliicli iiinges the Pebidian from the cast coast to 
Pytlia furnishes us Avith positive proof of the superior antiquity of 
the contorted series. The included fragments are mainly of types 
Biich as are found in the Pehidian of the AmlAveh area. Some of 
the pebbles are of ordinary Pebidian slate (No. 113, p. 584), such 
as occurs in central Anglesey, as avcII as in the north, so that their 
teaching is not decisive. Others arc of quartzite, and their testi- 
mony is equally" inconclusive. Put the prodoiniuant fragments are 
of grey compact limestone, and many of them are of great size, 
indicating a neighbouring source of derivation. This rock (No. 119, 
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p. 586) is undistitiguisliablo from tho Cemmaes limestone *, which 
occupies so conspicuous a place amongst the Pebidian strata of the 
northern area. There arc small exposures of a similar rock at 
Llanfaethlu, near the west coast, and at Cerrig Coin wen, in the 
centre of the island, all in the Pebidian ; but since the limestone at 
Cemmaes is b)" much tho nearest to tho Pyttia conglomerate, and 
occurs in great force, it is unnecessary to seek a more distant source 
of derivation. 

As the Palaeozoic strata between Llanerchymedd and the northern 
area have a general di]) to the north, they present the api)earanco 
of a regular ascending series. If this aspect is not delusive, tho 
thickness must be very great. The following facts, howc^vor, throw 
doubt upon tlie ordinary intcr[)retation. 

1. The conglomerate whicli is in contact with the bouiida,ry fault 
from Porth-y-corwg to Pyttia is andi vlahi by gi’it-s, and the grits 
are nadi'daiii by dark shales and slates. This sucenssioii is very 
well seen in a quarry ncai- Porth-y-corwg farm and elsewhere in 
tho vicinity in natural sections. 1 have not found the eonglomorato 
west of ]3y ttia ; but miles to tho west-south-west, near (iwredog, 
tho grit is seen in the road, again ovcrJiflm/ dark shale, the Pebidian 
cro})])ing out just beyond the grit to the north. 

1 venture to make the suggestion that th<^ eonglomorato and grit 
may ])o the ordinary basement l)ods of tho Palaeozoic in iuviTtod 
order. I Inivo shown the actual succession in fig. 1, the dotted 
curve below the hasc-line being hypothetical. 'JIio well-known 
ascending scries, as scon round the margins of tlui Arcluoaii masses 
of ccntnil and north-eastern Anglescw, is (1) conglonujrato t, (2) 
grit, and (3) shale. The grit at Porth-y-corwg (i\o. 130, p. 587) 
and (Iwredog (N^o. 133, p. 587) is undistinguishahlo from some 
varieties (Nos. 129, 132, p. 587) succecMling the conglomerates which 
underlie the black shales on the south and east, d'lie conglomerate 
is unlike that which is admitted to ])0 the base of the Anglesey 
Palaeozoic; but this does not militate against their correlation ; for 
it has boon shown by other authors that the materials of the base- 
ment conglomerates vary with tlio nature of the Arcbauin rocks in 
their vicinity, and I have jK)intcd out tliat the nortlK^rii conglo- 
merate is in all probability dcriv(;d from the northern area. Tliat 
no other beds cv(‘r come in hetween tliis conglomerate and the 
Archaean strengthens my suggestion. The fault between the two 
groups presenf-s no difficulty ; for the Palaeozoic could hardly have 
been folded hack by the thrust of the Pebidian without fracture. 
On theoretical grounds, I should suspect this dislocation to be 
reversed ; but, as I have no direct proof of the hade, I have, in the 
section, made tho fault vertical. 

♦ See Quart. Journ. Geol. Soc. toI. xxxvii. p. 230, No. 52. 

t I at first regarded this rock as a part of the ArchaDan, but a new reading 
of the Twt-Hill section required a reexamination of the question, and I frankly 
accept the Paltcozoic age of the Nebo conglomerate and grit. The presence of 
pebbles of well-known Anglesey gneiss in the Twt-Hill conglomerate always 
appeared to me a suspicious circumstance. 
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Fig. 1. — Gefieralized Section across the Palaeozoic Rocks of 
Northern Anglesey, (Scale, one inch to the mile.) 



The blank space in the centre of the section is occupied bj black shales, 
probably frequently repeated by folding and sometimes rellexed. 


2. There is the clearest proof that the Palcoozoic rocks have been 
thrust laterallj^ by a powerful force from the north. On the north 
side of Porth-y-gwichiad (fig. 2) the shales have been fractured 
by a reversed fault with a very low liado to the north, and the 
beds of the upper mass lie with a low northerly dip upon almost 
vertical strata, which at the top arc hent over towards the south. 
This appears to be a case of an overfold converted into an overfault 
by a continuance of the lateral pressure, according to the prinoijfio 
expounded by Prof, Heim At Llanbabo similar evidence is to be 

Pig. 2. — Overfaxdt in Black Shale on Porih-y-gwic7iiad, 
(^!'cale, about one inch to 50 feet.) 



seen in a large quarry near the church. In another quarry to the 
east of the road, a little north of Pferam-gyd, the strata are 
repeatedly broken by small horizontal faults, the upper masses being 
pushed a few inches to the south. The presence of thin quartzose 
seams renders the dislocations very clear. 

3. In the black-shale section between Porth-y-gwichiad and 
Porth-y-corwg, there are suggestions, though not actual proofs, of 
repetitions by folding. In high cliffs the beds are sometimes seen 
to form part of a sigmoid curve ; and though, on the whole, the 

* Mechatiiamus der Gebirgsbildung/ Band i. pp. 220-223. See also a paper 
by Prof. Lapwortb, P.G.S., in the ‘ Geological Magazine,’ August 1883. 
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rocks are homogeneous, we find, as we traverse the section, similar 
varieties of the shale reappearing again and again. If these are 
folded repetitions, there must be folding back towards the south, 
since the dip is almost uniformly to the north. 

The facts here adduced appear to me most easily explicable on the 
supposition that the PalaDozoic rocks of northern Anglesey originally 
formed a trough, which was fringed on both tho north and south by 
conglomerates, and that, by thrust from tho north, the strata on the 
northern side were folded back. Whether or not this hypothesis can 
be sustained, there is no doubt that the Porth-y-corwg conglomerate 
was derived, at least in part, from the altered rocks of the northern 
area, which are thus shown to be of greater antitjuity than the 
strata which they a})parently overlie. The close lithological resem- 
blances between this older scries and the Pebidian rocks of central 
Anglesey place their correlation beyond reasonable question. 

B. Relations between tke Holyhead Archaean Area and 
THE pALJiOZOlC RoCKS TO THE EaST. 

The Chjmwr Fault , — A little south of Llanbabo, the strike of the 
Paheozoie rocks abruptly shifts from about east and west to soutb- 
Bouth-west or north and south, and the deposits change from black 
shale, with basement bands of grit and breccia, to massive conglo- 
merate. We must therefore place a fault immediately to the north 
of Clymwr. This dislocation coincides in direction, and may be 
actually continuous with, the Porth-y-defuid fault*, which brings 
the ashy Pebidian slates and shales of tho north-west against the 
Holyhead schists. The Clymwr fault soi)arates the Palmozoic area 
just described from the ojic about to be discussed. 

Clymtvr Conylo'.nrraie . — Bouth of the Clymwr fault is a mass of 
conglomerate and grit, one mile and a half in longtli from north to 
south, by about one mile broad. Commencing on tho noi'th at Clymwr, 
it terminates on the soutli about JOO yards south of Rodnolwyn-hir. 
A small hollow intervenes between these rocks and the nearest out- 
crop of tho Archaean. The dip is steadily to the east, that is, away 
from tho Archaean, at moderate angles. Tho strata have weathered 
in several parallel escarpments, and, unless there is repetition, the 
thickness must be several hundred feet. Tho included fragments of 
the conglomerate are cliiefly rounded pe]>blcs of granitoidite and 
angular fragments of altered slate (Nob. 117, 118, p. 585) undis- 
tinguishable from the Pebidian (No. 112, p. 584) of the area to the 
west. Associated with the coarser strata, are beds of grit, apparently 
derived from granitoid rocks. There a 2 )poars to be no definite order 
in this series, but I may observe that the bands with the largest 
fragments do not occur at the base. 

Cwaen Shales . — Where the conglomerate disappears, south of 
Bodnolwyn-hir, black shales come in, and are well seen around 
Cwaen- wen, almost in contact with the Archjean. They are also 
exposed on the strike to the north, near Cwaen-goch, and are 

* Quart. Joum. Geol. Soc. vol. xxxvii. p. 224. 
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evidently continuous with the well-known black shales north-west 
of Llanerchymedd. These shales may be traced for over four miles 
to the south-south- west, disappearing a little north of Llyn Treffwll. 
They fringe the Archa)an for the whole distance, usually dipping 
away from the older rocks. At their base, south of Bodnolwyn-hir, 
are some thin bands of grit. 

Llanfihamjel Conylomeraie, — North-east of Llanfihangel the 
Cwaen shales pass down through some seams of grit into a con- 
glomerate, similar to the rock at Clymwr. This conglomerate 
remains in contact with the Archaean for about a mile, disappearing 
near a cottage called “Harlech,'’ under the sandy tract which 
margins Cymmeran Bay. The rock is well exposed in the craggy 
ridge east of the farm of Tywyn, where in one place it is seen to 
dip to the east. 

The Clymwr and Llanfihangel conglomerates, with the intervening 
Cwaen shales, are thus seen to fringe the western Archaean area for 


Pig. r3. — Slcetch-Map of the Treiorwertli Sy ndine, 
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its entire distance from north to south, and whore seen, they almost 
invariably dip away from it. 

The Treiorwerth Syncline (see map, fig. 3). — The recognition of ■ 
the three groups just described will help us to work out the stra- 
tigraphy of the band of Pala3ozoic rocks between the central axis 
and the western (Holyhead) area. A few sections will throw some 
light upon its structure. As the beds lie in a basin, and Treior- 
werth is situated about midway between the two extremities of 
the zone, we may call it the Ti’oiorwcrth syncline. 

Section (1) from Lhnfaelog to Tywyn^ (fig. 4). — Leaving the 
granitoid axis, we first come to grit, which, a little higher up, 
near Ty-ceryg, yields Orthis, and, within 200 yards, i)asses gra- 
dually up into green conglomerate f, with pebbles of granitoidite 
and unrounded fragments of green shale, the pebbles and fragments 
being sometimes of great size. A little to the south, on the west 
side of Llaiifaelog, this conglomerate is ovcitain by black shales, 
which are also well exposed along the shore of the bay to the south- 
west. All tlie dips hitherto seen arc north-westerly. Pock is 

Fig. 4 . — Section from Ty wyn to Llanfae! 

(Scale, lAVo inches to one mile.) 

N.W. Ty- Ridjreof ()rs(^cW-y- 

wyn. flpa. 7-9. IMsrHuii. 


f a e e 

u. Holylioad scIiIbI. b. I’ebidiaii, 

a. Granitoid rock. c. Palajozoie. 

/. Fault. 

covered for some distfince to the west, but reappears at the railway, 
near “ Orsedd-y-person.'^ South of the line, there is a clear dip 
to the soutli-easi, so that we seem to have come to the w’ost 
side of a syncline. The rocks, too, are very similar to the grits and 
conglomerates overlying the granitoid axis ; and in a (luarry to 
the north of the railway we find the same Orthis in a green grit 
overlain by conglomerate, the rocks dipping to the north-east. 
From here we soon come to the Llanfihangel conglomerate in the 
ridge at Tywyn. Tliis rock, on the >Survey map, is lettered as 
Carboniferous (c/), with a query J. There is not, hoW' ever, the 

* The numbers (1) to (0) in this and the following sections correspond with 
the numbers on the map. 

t This end of the section agrees with pfxrt of one by Dr. Hicks, Quart. Joum. 
Geol. Soc. vol. xl. p. 

t This may have been suggested by the apparent derivation of the conglo- 
merate from the mctamorpluc rocks to the west, originally supposed to be 
Cambrian. 

aJ.G.S. No. 159. 2 q 
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slightest reason for separating it from the Orthis-he&rmg grit and 
conglomerate which occurs within 200 or 300 yards, and with which 
it is connected hy almost continuous outcrops. At its base, the 
Llanfihangel conglomerate rests upon a small inlier of granitoidito. 
The dip here also is towards the east. We may, then, safely con- 
cludc that the rocks in this line of section are arranged synclinally. 
On the western side of the basin, the conglomerate covers a much 
larger surface than in the eastern outcrops ; hut, owing to the 
obscurity of the bedding and the want of continuity in some parts 
of the section, I could not ascertain whether this was due to 
faulting or folding. 

Sectio7h (2) south of the Holyhead Hoad , — About Llechylched and 
Eryn-gwyrain the rock is a grey felspathic grit (no. 132, p. 587). 
At the stream near Factory,” the green conglomerate comes in. 
It is of the same t 3 ’pe as in the last section. The dip, as seen south- 
south-west of Cymiinod, is clearl}^ to tlio north-west at (:)0°. This 
rock is overlain at Tyn-lon by black shale with bands of greenish- 
grey grit, contorted, but striking west-south-west and south-west. 
At A]lwyn-goch, the dip of these strata is north-north- west at 80”. 
They are liere overlain by green conglomerate, whether a repe- 
tition by folding or a higher band, I could not ascertain ; but the 
former seems the monj probable. The main points to be noted in 
this section are that the green conglomerate} is overlain by black 
shale with grit bauds ; that the dip rises lUiarly to the vertical 
towards the contact with the Archaean ; and that the strike is rather 
more to the west than the direction of the Paheo/oic zone, which, as 
stated, is south-south-west. 

Section (3) north of the llolyhead Hoad . — This is similar to the 
last, save that the ground on the strike of the green conglomerate is 
covered, so that we can only infer the presence of tlint band. The 
strike of the black shales varies between west-south-west and 
south-west. 

Section (4) from Tydien to the Archcean west of Treiorwerth , — This 
line runs obliquely across the zone from south-east to north-west. 
At the bottom of the slope cast of Ty-hen, granitoid] te is exposed, 
and a few j’ards to the west is a quarrj^ of the Or^/ii^-grit. In the 
road beyond we pass through a considerable tliicknoss of grit, which, 
towards the north-west, approaches in its composition the grit of the 
green conglomerate series. Overlying this, though we must follow 
the strike to the north to find exposures, is the Treiorwerth or 
Llanfihangel conglomerate. Near a cottage on the main road, 
south-west of Treiorwerth, the grit bands of the black shale occur 
in place, striking to the south-west. A little further to the west, 
the shales, without grit, are vertical, and in the quarry the dip 
gradually falls to 80”, oast-south-east. These beds may be followed 
on the strike to the Cwaen locality. 

This section is similar to the last two ; but higher beds come in, 
and the dip of these is reversed, as if we had reached the axis of a 
S}Ticlme. 

Section (5) from Llechyn-farwy to Cwaen-hen (fig. 5), — ^Leaving 
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the metamorphic axis, we pass over the with a north- 

westerly dip, and, west-north-west of Bodsuran, come at once to 
black shales. The green conglomerate has therefore disappeared 
within a mile and a half of Treiorwerth. The shales are here a 
mile and a half broad, forming a syncline whose axis is nearer the 
western than the eastern margin. North of Cwaen-hen, the shale 
contains grit bands, and we appear to have reached its western 
base. About 200 yards to the north, the Clymwr conglomerate 
crops out. 

This section displays a synclinal structure. Taking in the ground 
a little to the north, we find the Clymwr series rising from under 
the western side of the fold ; but T am not prepared to affirm that 
the succession is absolutely unbi'oken. Whetln^r or not the Clymwr 
rock exactly reprosents the Llanfih angel conglomerate, there is no 
doubt that its position is below the black shales, so that the syn- 
cline is sufficiently complete for our purpose. 

Fig. 5 . — Section from Lleclnjn-femvif to Cwaen-hen, 

({Scale, one inch to one mile.) 

WN.W. Lloehyii- E.S.E. 

Gwacu-hen. furwy. 




For explanation see Fig. 4. 


Section ((>) from weM of llri/u-(jw(iUea to Chfmwr (lig. (J). — 
West of Llanerchymc'dd, ihe Arclucan appears in several small 
islands surroundc'd b}^ conglomerate and grit, which roll about in 
many low undulations a]paronlly determined by the position of 
underlying masses of tlie old rook. '^J'he black shale also fre(juently 


Fig. 0 . — Section, froir ivcM. of Bryn-givalleu to (Jhjmwr, 


W.N.W. 


(Scale, one inch to one mile.) 


Clyiuw r. 


Ty’u-y-buarth. 


E.B.E. 



For explanation sec Fig. 4. 


appears. The grit scries is very thin, for, in a field at Ty’n-y-buarth, 
west of Bryn-gwallen, its basement conglomerate rests upon Archsean, 
while in the next field to the west it is conformably overlain by 
shales. A quarry in this field yields Trilobites and other fossils. 
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In the field still further to the west, near Brjna-terfyn, we are stiU 
on grit, horizontal or with low easterly dip. At Cereg-meingeia 
we appear to be in the same beds ; but, a little to the west, the grit 
begins to dip at a high westerly angle, and is conformably succeeded 
by the black shales. The ground is then covered for some distance, 
and the next rock seen is the Clymwr conglomerate, well exposed 
at Caer-gwrie and in a knoll to the south. 

In this section, the fossiliferous grits, conformably overlain by 
the shale, dip away from the central Archaean ridge, that is, to the 
west; while the Clymwr grit and conglomerate dips away from 
the western Archaean area, that is, to the east. The synclinal 
structure is therefore clear. The only break in the section is in 
the covered ground east of Caer-gwTic, where we should expect 
easterly-dipping black shale, but as this gap is precisely on the 
strike of the easterly-dipping shales at Cwaen-w^en, we need not 
hesitate to complete the syncline. In fig. 0, however, I have 
preferred to represent only what was actually seen in the line of 
section. 

From these sections, it is evident that the Palaeozoic rocks lying 
between the central granitoid axis and the western Archaean 
area form a synclinal fold, more or less broken, and in some places 
complicated by repetitions*. On the eastern side, the facts are 
simple, as the same zone of grit and conglomerate fringes the 
Archaean from Llanfaelog to Llanerchymedd ; but on the western 
margin the relations between the metamorphic and the unaltered 
rocks arc more complex. The line of junction seems to be a fault, 
which cuts across the Palmozoic strat;a very obliquely. 

It is hardly needful to state the inference from the above facts. 
The I’almozoic rocks fringing the western Archaean frequently dip 
away from it, and at their base contain numerous fragments of 
the hypometamor])hic scliists common in the north-west of the 
island. The altered rocks of ‘VVestorn Anglesey must therefore 
be older than the Llanfihangel and Clymwr conglomerates. 

C. IIULATIOXS 15ETAVEEN THE TWO AkCHJ-]AN GrOTITS. 

In my previous papers, the superior antiejuity of the gncissic 
scries has been inferred from (I) its more advanced metamorphisra, 
and (2) the analogy betw^een the two groups and the known 
Archican succession. The only evidence from included fragments 
was furnished l)y the Llanfccholl grit, a band in the northern 
Pebidian. Under the microscope some of the small bits were 
seen to be of schist, which appeared, in Prof. Bonney’s opinion, to. 
be derived from the older Anglesey series. More decisive proof can 
now be adduced. 

Sectiom at Tywyn (figs. 7-9). — In the autumn of 1879 1 observed 
that the Llanfihangel conglomerate contained large fragments of 
contorted schist; but, as the former was lettered on the Survey 
map as “Carboniferous,” and I had not then worked out the 
* There is obviously great complexity south of Llanfihangel. 
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PalsBozoic groups, I was unable to use the fact, though I more 
than suspected that the “ Carboniferous ” hypothesis could not be 
sustained. During visits made to Anglesey in subsequent years, 
I paid special attention to this locality, and procured additional 
information of peculiar interest. I found, within a quarter of an 
acre, the outcrops of three rock-systems — Gneissic, Pebidian, and 

Pig. 7. — Plan of Tywyn Bidge. 

(Scale, about one inch to fifty yards.) 

W.N.W. j c 


Section 
(fig. 8). 


Section 
(llff. 9). 


Fipr. S, — Section at Tywyn, Northern Bulge, 
(Scale, double that of plan, fig. 7.) 

W.l^.W. 


Fig. 9. — Section at Tywyn, Southern Bulge, 
(Scale of fig. 8.) 



For explanation see Fig. 4. 


PalsDozoic, with proof of succession in the order here given. See 
plan (fig. 7) and sections (figs. 8, 9). 

In the middle of the northern section (fig. 8) projects a 
ridge (a) of granitoid rock (No. 110, p. 583), six feet wide and less 
than one hundred feet in length, striking nearly south-south-west. 
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On its western side, at the distance of a few feet, rnns a parallel 
elevation of pale-green slate, with veins of a green mineral like 
epidote. The slaty rock is not clearly stratified, but planes which 
may represent bedding dip westerly. This band extends further 
to the south than the granitoiditc, and, just where the older ridge 
would underlie if it were continued to the south, as is most probably 
the case, the slate contains pebbles (shown above h in fig. 9) of 
granitoid rock, of the same general type as that which forms the 
ridge (Nos. 11 4, 115, pp. 584, 585). 

lies ting on the granitoid axis on its eastern flank, and in actual 
contact with it, crops out the Llanfihangel conglomerate and grit, 
dipping easterly at 50°. At the base (Nos. 124, 125, p. 587) is 
grit which can hardly be distinguished in the field from a granitoid 
rock; but the presence of very small pebbles of a soft schist 
determines its derivative origin. Within a few yards (No. 126, 
p. 587), it becomes very distinctly fragmental, but is still largely 
composed of the constituents of granite. It then passes up into 
the ordinary green conglomerate and grit (No. 127, p. 587). 

A few yards to the south of the granitoidite, the conglomerate 
reappears, resting immediately on the groen slate with granitoid 
pebbles (fig. 9), the surface of the slate sloping easterly, in 
accordance with the dip of the grit in the northern ridge. The 
conglomerate does not display clear dip. It is very coarse, 
containing large pieces of the green slate (No. 116, p. 585), wuth 
smaller fragments of gneiss (Nos. 120-123, p. 586), a variety 
largely made up of hornblende being conspicuous. No. 120 is 
from the junction of the slate with the hornblendic conglomerate, 
and includes both. 


A great deal of the conglomerate about here is composed of 
gnoissic fragments ; but, strange to saj, though the green Holyhead 
schist oceupicB the area to the west, its outcrop appearinsr within 
my yarda of the ridge, I have not been, able to detect a single 
fr^ent of it in the conglomerate. There is plenty of a green 
*** ^ ^*''^** observed, it is all of ordinarv 

. from the ridge jnst described by 

a mall hoUow. As the dip of the schist is north-westerly, it might 
seem as if it, overlay the granitoiditc in regular sequence. But to 

this view there arc the following objections : 

1. ^e green schist is, in central and eastern Anglesey, conformably 
underlain by thin-bodded grey gneiss, quite unlike the massivl 
granitoid rock of the Tywyn ridge. 

8^'®'“toidite of our section is immediately succeeded on the 
‘*^“*®®* unaltered; and it is nearly 
should directly underlie, without beds of passage, 
so hig% metamorphosed a rock as the Holyhead schist. 
tnifuV iT ™® Sroen schist were in sequence above the granitoidite, it 
fo™^ ’"Z Llanfihangel conglomerate 

^ conglomerate 

It would almost <,ertainly have supplied it with fragrneL. But 
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none are found. Indeed, I have not been able to discover this schist 
in any Anglesey conglomerate, most of the contained fragments 
being either gneissic or slaty. This is a very singular result if the 
schist is intermediate in ago between the granitoidite and the slaty 
veins ; but is perfectly intelligible on the supposition that the 
Holyhead schist is older than the granitoid rock, and had not been 
exposed by denudation when the conglomerate was formed. 

Prom the ground just described we have clearly ascertained the 
following facts : — 

1. lioth the granitoid and the slaty rock of Tywyn arc older than 
the Llanfihangel conglomerate. 

2. The granitoid is older than the slaty rock. The presence in 
Anglesey of two formations anterior in age to the Llanfihangel 
conglomerate is thus distinctly proved. 

B. Age of the oldest PxLiEozoic liocKS. 

The problem of the age of the altered rocks of Anglesey appeared 
to be simplified by the alleged discovery of Tromadoc fossils in the 
lower Palaeozoic strata. The most prominent of these fossils is an 
Orthis, which has been identified as 0. Carausii. It occurs in great 
numbers in the grit which overlies the basement conglomerate, and 
it may be traced from Llanfaelog, near Cymmeran Pay, to the 
northern Bryn-gwallen, north-west of Llanerchymedd. The last 
locality requires special notice. 

About half a mile to the south, near another Pryn-gwallen, the 
Or^/iw-band lies a little above a quartzose conglomerate, about 
a hundred yards from an inlier of the granitoid Archeean, as 
noticed by Prof. Hughes and Dr. Roberts. At the northern locality 
the facts are similar. In a field near Ty’n-y-buarth, is another 
inlier of the gneiss, with conglomerate resting on it to the west ; 
and at a short distance, just inside the next Seld, is a QURrrv of 

the grit, containing fragments of what appear to be Illcenus * and 
Asaphus In a similar grit in the neighbouring walls wo find the 
Asaphtis, with Ogygia^' and the Orthis, This band is certainly on 
the horizon of the Orthis-grit of the southern localities; for, in 
addition to the identity of the Ortliis, the rock is at about the s;ime 
distance above the gneiss as in the section at the southern Pryn- 
gwallen. ^ 

As the Orthis occurs in the same beds with what seem to be 
typical Ordovician genera, it may appear superfluous to discuss its 
affinities but I venture to think that, without the Trilobites 
the Prachiopod would not bo decisive of the question. This species 
IS supposed to bo separated from 0. calligrawma by its smaller size 
its fewer ribs, and the comparative flatness of its dorsal valve. Put 
a ciilligramma is a very variable form. I have collected, from 
undoubted Ordovician strata in North Wales and North America, 

* These Trilobites have been named for me by Dr. H. Woodward, F.B.S. 
but he states that their fragmentary character renders Iheir identification a 
matter of difliculty. 
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Bpecimens which widely differ from Dalman’s type, and closely 
approximate to the Anglesey form. It would be hazardous to found 
important conclusions upon slight differences in the case of such a 
plastic species as 0. calligramma, 

Neseuretus ramseyensis, a fragment, has also been referred to 
this horizon^ ; but its occurrence can at present decide nothing; for 
it is also said t to have been found by Professor Henslow at Treior- 
werth, in association with Asaphus Powisii and other Bala fossils. 

The Trilobitic fauna of Biym-gwallen is not sufficiently distinct to 
enable us to fix an exact horizon. The evidence seems to point to a 
Llandeilo age. At least it is clear that it would be hazardous to 
place the Trilobitc beds lower than Arenig. 

I by no means contend that these rocks are not Cambrian. I 
simply maintain that the evidence adduced strengthens the position 
of those who doubt. 

The rocks of Llanbabo may have some bearing upon the question, 
though perhaps not a decisive one. In a small quarry at the church, 
I found in black shales a DiplogrcqAm, probably D, foliaceus. These 
shales, in a large quarry in the next field, pass down through thin- 
bedded sandstone into massive grit. This series seems to be the 
same as that which overlies the granitoid mass at Pen-Ion, and the 
strilvo also coincides. There is, therefore, at least a probability that 
this grit is nearly at the base of the Paljeozoic succession in Anglesey, 
and the JJiplograptiis-Bh.tile is not 50 feet above the grit. Half a 
mile to the south this Graptolito is found in association with other 
well-marked forms, so that the horizon can be fixed. Those fossils 
have been determined for me by Prof. Lapworth as follows : — 

Dicranograptus ramosus^ Hall. 

Climacograptus Sharenhergii, Lapw. 

DiceUograptHS Morrisii, Hopk. 

Leptograptus, sp. 

This fauna, in Prof. Lapworth’s opinion, indicates a Bala age. If 
the underlying grit is the equivalent of the Orthis-^rii^ the Ordovician 
age of the latter is demonstrated. 

Elsewhere in Anglesey, Prof. Hughes found a Graptolite fauna 
which Prof. Lapworth refers to the “ highest Arenig or lowest 
Llandeilo ’’i. 

In the present state of our knowledge, I am obliged to admit that 
the presence of Cambrian rocks in Anglesey has not been proved. 
This concession may seem to justify the contention that the altered 
groups may have furnished pebbles to the basement conglomerates, 
and yet be no older than Lower Cambrian. To this I would 
reply : — 

1. The Pre-PaltTBOzoic rocks of Anglesey arc utterly unlike the 
admitted Lower Cambrian of Harlech and Llanberis. To say 
nothing of the metamorphic schists and gneiss, we may ask — Where 

* Hughes, Quart. Journ. Geol. Soc. vol. xxxvi. p. 238. 
t Ramsay, Ceol. N. Wales, 2nd ed. pp. 225, 226. 
t Hughes, ibid. 
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on the mainland are the limestones, quartzites, homstones, felspathic 
shales, and flinty slates, which are so ‘prominent in the Anglesey 
Pebidian ? Where, on the other hand, shall we And in Anglesey any 
thing corresponding to the cleaved slates of Llanberis ? To say that 
they are present, but metamorphosed into something else, is a pure 
assumption. Besides, we are justified in demanding proof that 
argillaceous slates can be altered into felspathic shale, quartzite, and 
limestone. 

2. While the Pre-Palajozoic rocks are quite unlike known Cam- 
brian strata, they closely resemble formations which in other parts 
of Britain arc known to underlie Lower Cambrian bods. Several 
years ago I called attention * * * § to the affinities betAveen the slaty 
series and the Pebidian strata of 8t. Davids, w hich certainly underlie 
Harlech rocks, as the most recent critics admit f* The resemblance 
to certain Salopian types is also well marked. 

3. Those wffio hold that the schists of Anglesey are of Cambrian 
age can hardly, I think, have considered th(^ difficulties which their 
hypothesis involves. These schists were in their present state of 
metamorphism before the deposition of the Ordovician rocks. We 
are therefore called upon to believe t that, during the Upper Cam- 
brian period, the Lower Cambrian rocks sjink thousands of feet, 
were covered in by a great accumulation of strata, were meta- 
morphosed into gneiss and schist, were raised above the sea-level, 
and were not only stripped of the Upper Cambrian masses, but 
were themselves deeply eroded by denuding agencies. 

4. According to 8ir A. C. llamsay § there must have existed near 
the Caernarvonshire jirea, during Lower Cambrian times, “an older 
rocky land,’’ “ hilly or even mountainous,” w hich sup[)lied to the 
Cambrian deposit ^ granitoid mat erials ||, “ purple and black slates, 
quartz-rock, felspathic traps, quartz porphyries nnd jaspers.” But 
rock-masses still visible in Anglesey and on the adjoining mainland 
could have furnished all these varieties, except the black slates. 
Which, then, is the more probable .su]>p()sition — that the altered 
rocks of Anglesey are the eroded fragments of a l*re-Cambrian region, 
or that Sir Andrew llamsay’s rre-Caml>rian masses have been entirely 
swept away, and a portion of the Lower Cambrian series has been 
subsequently metamorphosed into a wonderfully close mimicry of 
the vanished land ? 

But, whatever estimate we may form of the evidence here adduced 
for the Archaean age of the less-altered Pre-Ordovician rocks, it will 
be difficult to resist the proof wffiich the Tvw’yn sections furnish with 
respect to the gneissic series. The green slaty rock, which on the 
old hypothesis is Lower Cambrian, contains numerous rounded frag- 
ments of the granitoid rock which abounds in Anglesey. Such 
evidence needs no further comment. 

* See Quart. Journ. Geol. Soc. vol. xxxvii. p. 211. 

t Dr. A. Geikie, ibid. vol. xxxix. p. 286 ; Prof. J. F. Blake, ibid. vol. xl. p. 294. 

I This argument, of course, proceeds upon tlie popular hypothesis that 
regional metamorphism takes jjlace only at great depths. 

§ Geol. N. Wales, 2nd ed. p. 196. 1| Ibid. p. 19. 
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E. Physical Geography of the Anglesey Eegion in Ordovician 

Times. 

The principal Archaean masses must, I think, have occupied about 
their present position during the deposition of the Ordovician rocks. 

TJiat the northern area was dry land, is evident from the masses 
of Cemmaes limestone in the fringing conglomerates. 

The central area was also above water ; for the basement Palaeozoic 
conglomerates contain not only boulders from the granitoidite, but 
also pieces of hiilleflinta such as wo find east of Llanfaelog, and 
numerous fragments of purple and green shale, very similar to types 
characteristic of tlic tract west of Malldraeth Marsh. The gncissic 
rocks were probably in part covered by the Pcbidifin, for some of 
the fragments of shale in the conglomerate west of Llanfaelog are of 
large size and unrounded, so that they can hardly have been derived 
from the present Pebidian masscis, the nearest point of which is three 
miles distant. 

The western area furnishes similar evidence. The large angular 
fragments in the TyA\^yn conglomc^rate cannot have travelled far, 
and the pieces of altered shale in the Clynlwr conglomerate must 
have been derived from the neighbouring land to the west. 

But Anglesey was probably but the margin of extensive land- 
masses lying to the west or south-west. The Llanfihangel con- 
glomerate thins out rapidly towards the north-east, so that west 
of Llanerchymedd the Orthls-gvits pass up into the black shales. 
Below this conglomerate is a considerable t hickness of grit of similar 
com])Osition, which must liave been derived from similar rocks, but 
from a more distant source. This grit also grows thinner towards 
the north-east. 

The vanished land which once occupied what is now St. George’s 
Channel j)robabl 3 " extended into Avhat is now Ireland. The hill of 
Howth, north of Dublin Bay, is built up of a considerable thickness 
of Pebidian rock ; and if we extend the strike of the Anglesey gncissic 
series to the south-west, it will coincide with the strike of similar 
mctamorphic rocks south of Wexford^. There is then no great 
improbability in the suggestion that the space intervening between 
Wales and Ireland was in the Ordovician period a tract of Archaean 
land. 


P. Summary of Results. 

1. The hypometamorphic rocks of northern Anglesey arc shown 
by the evidence of included fragments, of greater alteration, and of 
more intense contortion, to be older than the Palaeozoic strata to 
the south. 

2. The metamoq)hic and hypometamorphic rocks of western 
Anglesey are proved by similar evidence to be of greater antiquity 
than the Palaeozoic groups to the east. 


* See Geol. Ma". Pec. 2. vol. viii. pp. 494-498. 
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3. The Palaiozoic rocks of northern Anglesey probably lie in a 
syncline folded back to the south, those of the central band forming 
an ordinary syiicline bounded on the west by an oblique fault, which 
may not materially affect the relations of the rocks on each side of 

it. 

4. There is at present no satisfactory proof that; any of the fossi- 
lifcrous rocks of Anglcsej^ are older than the Ordovician epoch. 

5. There is clear evidence that the gncissic rocks are of greater 
antiquity than the hyponu'tainorphic group. 

6 . There is reasonable proof that the hypometamorphic series is of 
Archaean age. 

I am much indcl)ted to the President for the notes which, with 
his wonted kindness, he has furnished on the microlithology of my 
paper. The arkosc at the base of the Palaeozoic strata of Tywyn is 
very puzzling in the held ; and, without the aid of the microscope, 
it might have been difficult to convince hostile critics that the rock 
is really fragmental. This is one of these cases in which the old 
school of geologists would probably have affirmed an actual passage 
between the met amorphic and the unaltered rocks. It will, I think, 
be considered a strong confirmation of the truth of my conclusions 
that the application of microscopic tests by an independent and 
skilled observer has not materially moditiial any oiunion which T 
had formed in the; fi(dd, but has, on the contrary, added strength and 
clearness to m 3 ’ original convictions. 


Appendix. 

Note on some llooK-Sf’ECTMiiiNs volleeted hy Dr. (1. Callaway in 

Anglesey. P 3 ’ Professor T. (J. Ponnev, 71. Sc., P.lt.S., Pros. G.S. 

The following s])ecimens have been collected by J)r. Callaway 
during his more Recent investigations intu the geology of Anglesey, 
and placed in my hands, together with the slides prepared from 
them, for description. In this I have kept in view their bearing 
on the more important ])ctrological and stratigrajffiieal questions 
rather than tlie determination of minute points of only minera- 
logical interest. 

110 (T 3 ’wyn ridge, p. 577). — A pinkish and greenish mottled crys- 
talline rock, whose appearance suggests that it is metamorphic 
rather than igneous. In short, it is extremedy like some of the less 
coarse granitoid members of the Hebridean series of N.W. Scot- 
land. Examined with the microscope, it is seen to exhibit a marked 
fragmental structure : this, however, I have no doubt, is the result 
of crushing in situ. The finer interstitial material between the 
fragments appears to consist of dark dust, impure epidete, viridite, 
and here and there a little of a greenish micaceous mineral. The 
rock itself exhibits the structure of one of the coarse granitoid 
gneisses (such, for example, as the coarse gneiss already described 
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from the railway-cutting near TJ-anfaelog consisting of orthoclase, 
microclinc, and oligoclase or albite, with quartz in rather irregular 
granules. The last, as is usual in these rocks, contains numerous 
very minute cavities, generally empty, but now and then showing a 
tiny moving bubble, together with other enclosures, apparently 
filmy microliths. The felspar also contains many of the latter. 
There arc a few groups of vermiculitcs of a chloritic mineral. 

in (“School,” west of Cwaen-hen). — A green schist, con- 
stituents very minute. Microscopical] examined, this is seen 
to consist of extremely minute granules of quartz, gi\dng to parts 
of the slide a chalcedonic asi)ect, and minute films of a very pale- 
green micaceous mineral, with a darkish dust, which may be provi- 
sionally called ferrite. The two principal minerals are arranged in 
bands in which the one or the other predominates, and these exhibit 
beautiful corrugations. I should conjecture, from their appearance, 
that they had been ])roduced subsequentl)’ to the segregation of 
the minerals. The micaceous constituent may be of more than one 
species, some scales seeming to be more like a chlorite, others more 
resembling a true mica. With crossed nicols, and the fiakes placed 
at an angle of about 45° with the vibration-planes, fairly bright 
colours are given. It is, in short, the mineral or mineral group so 
frequently found in these grey-green or olive-green schists of 
Anglesey and elsewhere ; and though this rock is rather more 
minutely constituted than most of my own specimens, T should 
group it with the schists of Holyhead Island and the adjoining part 
of Anglesey, and with those of the Menai district. 

112 (llrwynog, p. 571 ). — A greyish -green schistose rock, whether 
a satiny slate or a true schist it is not easy to say. The difficulty 
is not whoDy removed by microscopic examination. The consti- 
tuents are extremely minute, but appear, on examination with a 
high power, to be fairly well defined, and to differ from those last 
described only in size ; though one or two parts of the slide do not 
look so highly altered. I therefore feel doubtful, as the rock has evi- 
dently been much compressed, whether to regard it as a member of 
the last group, which I think we may safely consider Pre-Cambrian, 
or as one of the older Palaeozoic rocks exceptionally altered. 

113 (N.W. of Eyttia, Amlwch, p. 508). — A pale-green slaty or 
schistose fragment, in a gritty matrix. Under the microscope the 
rock appears to be less highly altered than the last : it consists of 
quartz, some probably in minute fragments, a brown argiUaceous 
material, and a fair amount of a greenish chloritic mineral in films 
and also in streaks. 1 think, from the general aspect, that the frag- 
ment was nearly in its present condition when broken off from the 
parent rock, and that it is rather a schistose slate than a true schist. 

114 (Tywyn ridge, p. 578). — A rounded pebble, about | inch in 
longer diameter, in a greyish-green matrix, which exhibits a distinct 
cleavage. Under the microscope the pebble is seen to be one of the 
coarse granitoid gneisses, upon which, as I have so often described 


Quart. Joum, Q-eol. Soc. vol. xl, p. 201. 
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them, it is needless to dwell. It has been broken across after being 
imbedded in the matrix, which fills up the interspace (about ‘02 inch 
wide). Gneiss or granite (and I believe it to be the former), it was 
substantially what it now is when it was imbedded in its present 
matrix. Tliis exhibits the ordinary" aspect of many of the clay- 
slates^ — an intimate mixture of brown dust, minute specks of quartz, 
and films of a greenish mineral, in which are scattered larger frag- 
ments (not generally cxcc^eding about *01 inch in diameter) of qTiartz, 
a green mineral (apparently hornblende), cpidote, and, perhaps, 
decomposed felspar. Some of the larger constituents appear to bo 
from a granitoid rock, others from an argillite or schistose rock. 

115 (Ihul, p. 578). — A mass of slaty conglomerate, the matrix 
rather darker than in the last case, with a ])ebble of coarse gneiss 
about 1 ^ inch diameter. The nifitrix has a general resemblance to 
the Iasi: descril)crl, except tliat there is more opacitc. The smaller 
fragments also are similar: one is from a ciystalline rock consisting 
of fels])ar (decompos(.‘(l) and hornblende ; several are clearly from 
granitoid rocks ; one, possiblj^, may be a rhyolite. A fragment 
abont ^ inch diameter exhibits a distinctly foliated structure. It 
consists of a decomposed felspar, an altx^red brown mica, and a very 
little (piartz. Only a small portion of the larger pebble is included 
in the slide : but this is enough to indicate that it is one of the 
usual coarse granitoid rocks already mentioiu^d. 

IK) (vVmi p. 578). — A green slaty rock like the matrix of 114, 
from which, under the microscope, it docs not materially differ, 
having evidently derived some of its fragments from the same 
sources. M acres copically and microscopically, the rosomhlance is 
as close as possible. 

117 (Caer-gwin^, south of Clymwr, p. 57 1 ). — A fragment of a pale 
grey-g 7 *een schistose rock, in a fairly coarse gritly matrix. Macro- 
BCOi)ioally, the fragment muclr resembles 112. Examined micro- 
scopically, the similarity is not less ; and to descril)e it would be to 
rcj)oat the words, including the expressions of uncertainty, there 
given. This s]>ecimen also exhibits evidence of compression in the 
zigzagging of its lamina) ; but. I may make one remark, which seems 
to me of importance — that from the relation of these to the boun- 
daries of the fragment, 1 feel ])erfcctly certain tliat this structure is 
not duo to any ])ressure which the conglomerate has undergone, but 
existed anterior to the time when the fragment was detached from 
the parent rock. The matrix included in the slide is a typical 
“ arkos(‘,” being wholly made up of fragments of quartz and of de- 
composed felspar, with a grain or two of iron peroxide and some 
ferrite, and a, greenish chloritic mineral (probably a secondary pro- 
duct after hiotito), materials obviously derived from a granitoid 
gneiss or granite. 

118 (llidgc, south of Clymwr, p. 571). — A rather coarse grit, with 
well-rolled fragments of quartz, &c., up to the size of. a small pea, 
and one angular piece about 2 inches in diameter, of a schistose rock 
like that in 117. Examined under the microscope, the grit is found 
to contain fragments of more than one variety of gneiss, the usual 
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coarse type occurring witli one more finely foliated variety ; a frag- 
ment of a coarse schist or gneiss, very poor in quartz, consisting 
almost wholly of felspar (decomposed) and altered biotite ; also 
little bits of schist and schistose rocks, rolled fragments of decom- 
posed felspar (one showing the remains of polysynthetic twinning), 
and grains of quartz, many exhibiting the agglutinated granules 
with irregular outlines so characteristic of portions of gneisses and 
highly altered schists, together with the fragments of quartzites, 
&c. The grit is evidently mainly composed of detritus from Archaean 
rocks. The schistose rock named above has not been included in 
the slide. A brownish-green mineral often occurs between the 
grains, which perhaps in the main is altered detrital material from 
a magnesia-iron mica. 

119 (south of Porth-y-corwg, p. 568). — A lead-coloured grit, 
with some angular fragments, one a eompact greyish rock, full 
2 inches in diameter. The matrix, under th(^ microscope, contains 
only a few grains certainly derived from the coarse gneisses, but 
has an indubitable fragment of mica-schist, resembling those of the 
Menai type, and several bits of scliistose rocks and grits. The 
above-named fragment is an impure limestone ; it has a very close 
resemblance to a specimen described for Dr. Callaway in a former 
paper (Quart. Journ. Geol. Boc. vol, xxxvii. p. 236, no. 52). 

120 (Tywyn ridge, p. 578). — A slaty, somewhat gritty rock, of a 
grey-green colour, one side of the fragment changing suddenly to a 
very dai'lc green. The slide includes both these varieties, with a small 
jnece of what ai)poars to bo a fragment of a rather different rock. 
On examination, we find the paler i)art to present a general resem- 
blance to 116, but to be rather more streaky in aspect. In it are 
scattered fragments of felspar, hornblende, and of a rather coarse 
felspar-hornblende rock. The fragment contains felspar, apjja- 
rently crushed, and showing decomjjositiou-products : between mnny 
of the apparent granules is a ])ale-green viridite; there is some 
altered biotite and wcU-crystallized hornblende. The dark-green 
part mentioned above is almost wholly composed of subangular 
fragments of well-crystallized hornblende, with some grains of 
magnetite ; the adjoining part of the first-described matrix is gene- 
rally blackened with opacite. 

121 {ibid, p. 578). — From a fragment in a dark rock resembling 
the last, especially in its darker part. This fragment is rather 
coarsely crj’stalline, mottled pinkish and dull green. The micro- 
scope shows that its component minerals have a streaky arrange- 
ment, and by the aspect suggest that the rock is metamorj)hic rather 
than igneous. The minerals are felspar — too much replaced by 
secondary products for the species to be identifiable — green horn- 
blende, and altered biotite, with some grains of ilmenitc and, perhaps, 
magnetite: 1 think there is a little apatite. The hornblende in 
this rock, in colour and general appearance, corresponds with that 
occurring in fragments in 120. 

122, 123 {ibid. p. 578). — Coarse fragmental rocks, both in matrix 
and fragments much resembling the last. A lengthy description 
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is needless. The fragments, so far as they occur in the slides (it 
is possible a more quartziferous rock may also be present), corre- 
spond with the above-described, and the matrix consists of detrital 
hornblende and felspar, evidently derived from a similar source. 
Some of the felspar is certainly albite or oligoclase ; and epidote, as 
might be expected, is present, especially in one of two fragments of 
more finely granular aspect. I think we may safely assert that the 
materials of 120-1 23 have not travelled far. 

124, 125 {ihkl. p. 578) : 12() (10 yards cast of ridge, p. 578). — 
Greenish grits, composed almost wholly of fragments of metamorphic 
rocks, some resembling those last described, others approaching 
nearer to normal gneisses and to schists, with one or two of a less 
highly altered aspect. 125 contains a fragment of a schisty epido- 
site ; and 124 a fragment of a mineral consisting of a pale-green net- 
work with colourless interspaces ; the latter dark with crossed nicols, 
the former almost so. 

127 (30 yards east of Tywyn ridge, p. 578). — Greyish-green grit. 
Constituents more varied. The felspar-hornblende rock is wanting, 
but there is one fragment of a decomposed felspar rock with a little 
of a green mineral, probfibly metamorphic ; there are, however, tlie 
usual fragments of gneissic rocks, with schistose fragments resembling 
that in 117. 

129 (lianbabo (juarry, 509); 130 (farm west of Porth-y- 
corwg, p. 509). — Oreeuisli-grey grits, consisting of fragments of 
quartz, felspar, a variety of schists and schistose rocks, argillites, 
haUefliiitas,” &o. 129 contains more fragments of the less-altered 

kinds of rocks ; 130 more quartz, felspar, and fragments resembling 
the more crystalline varieties described above. 

1 32 (Llechylch- m], pp. 505), 574 ) : 133 (east of Gwredog, Khosgoch, 
p. 569). — brownish grits; constituents minute. These, under the 
microscope, are seen to be rather angular in form. Quartz, decom- 
posed felspar, mica, &c., with iron oxides, and tho brownish-green 
mineral already described, are the principal constituents. 132 has 
more mica ; 133 is more earthy and ferruginous, and has more of tho 
greenish mineral. 

It may be well to state briefly the conclusions to which I am led 
by the study of this interesting series of rocks : — 

(1) The conglomerate from Avhich specimens 120-127 have been 
collected has derived its materials from a very varied series of 
rocks. 8ome of these, when it was formed, were but little changed ; 
while others were considerably metamorphosed. Others, again, were 
coarse granitoid gneisses, presenting o general resemblance to the 
most ancient rocks which have as yet been discovered, such as the 
Hebridean series of N.W. Scotland or the Laurentian rocks of North 
America. Moreover these rocks were substantially in the same stage 
of metamorphism when they were rolled into pebbles as they are 
at the present time. There must then have existed at no great 
distance a land surface undergoing denudation, in which a series of 
rocks in very different states of mineralization were exposed. This 
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can only have been the result of earth-movements on a great scale, at 
a time long anterior to the formation of the conglomerate, and of 
denudation continued through a period so long as to allow the very 
foundations of a mountain-chain or upland district to be exposed. 
This conglomerate, in fact, must have been formed from and on a 
floor composed of outcropping beds of gneisses, schists of various 
kinds, argillites, and grits. 

(2) Volcanic materials, such as are so common in the conglome- 
rates in Caernarvonshire and near Beaumaris, belonging either to 
the very base of the Cambrian or to a somewhat older series (as I 
behove), cannot be? ceiiainly identified in these Anglesey conglo- 
merates, though a few trfigmcjfis may belong to rhyolitic rocks. 
Hence we may concludcj that volcanoes were few or absent in this 
district. 

(3) 8hice those conglomerates were formed they have been sub- 
jected to groat oarth-movoments, sufficient to produce in their finer 
constituents a rude cleavage, together witli those minor mineral 
changes which are facilitated by compression. 

(4) A comparison of lit) with 114, 115, the first occurring as 
a fragment; in the bods mejitionod above, seems to indicate the 
presence of a conglomoratc composed of similar materials to that 
mentioned in (1), but decidedly more ancient than it; so that Dr. 
Callaway is justified in rtiferring the t'wo conglomerates to distinct 
geological formations. 

These invcBtigations, then, lead us to the same conclusion as the 
researches of my friend l)i'. Hicks iji the district about Llanfaelog, 
namely, that the granitoid rocks, whether some of these ho true 
granites or not, and the schists of Anglesey are of Archaean ago, 
and are the outcrops of a. great floor of ancient rocks u])on which 
the continuous scries of the older Pakeozoic rocks of North Wales 
was de])osited. It is probable that these were to a very great 
extent, if not entirely, concealed from view comparatively early in 
the Cambrian period. Some of its coarser grits, as in the Harlech 
district, arc evidently formed from the ruins of Archaean rocks, and 
obviously all its sediments must have been derived from existing 
land-masses, composed, of course, of earlier rocks ; but, so far as I 
have at present studied the ordinary Cambrian slates and grits, I 
should say that they indicated a derivation from a comparatively 
distant source. The Cambrian ])eriod of Sedgwick, the Cambrian and 
Lower Silurian or Ordovician of later authors, appears to have been 
one of continuous depression and sedimentation over at least all the 
North-AVales area, and the land, I conjecture, lay to the north-west, 
where now “ rolls the sea.’’ At the end of this time began another 
epoch of “ mountain-making,” when the border-zone of the newer 
sedimentary deposits was subjected to great lateral pressure, the 
cleavage of North Wales was produced, and a new age of denudation 
and of transference of sediment was begun. 
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Discussion. 

Dr. Hicks, while, in the main, a5:reeing with the author so far as 
the Archaean rocks go, was, as regards the Palaeozoic beds, inclined 
to believe that Prof. Hughes was right. He thought the Trilobites 
referred to as of Ordovician age were referable to Niohe and Ncseu- 
retus — Cambrian forms. He thought Orthis Carausii was confined 
to the Cambrian, and that it is associated in Anglesey with another 
Cambrian Or(hls. The stratigrapliical as well as the fossil evidence 
seemed to support Prof. Hughes's view that the fossililerous beds 
were of Tremadoc ago. 

Dr. JloiJEUTs thought that in Anglesey there are contorted rocks 
of different ages, some probably not Arcbman. 

Mr. Haiikeii also thought that the author had failed to distin- 
guish the fact that the altered rocks of Anglesey are not all of the 
same age. The autlior s .sui)posed Pebidian bods were found, when 
traced to the northward, to be intercalated with conglomerates con- 
taining fossils. He agreed with Dr. Hicks in thinking that the fossils 
in the P.iheozoic schists are Tremadoc and not Ordovician. 

Mr. Hudeeston asked what evidence tliere was concerning the 
relations of the granitoid rocks and the Holyliead scliists. 

The Pkestdent said that the conglomerate contained fragments of 
the granitoid series, of schists similar to those of Holyhead, and of 
other rocks of comparat ivt'ly unaltered character. Ho believed that 
all the true schists in Anglesey are of Arclia;an age, though there 
were schistose bods of lat er date, which it was difficult in the field 
to. distinguish from them. 

Dr. Callaway said that, on the authority of 8ir A. C. llamsay 
and Mr. Etheridge, NeseiinJus occurs in the Silurian. Ho accepted 
Dr. Woodward s identification of the Trilobites as of Ordovician age. 
He had before shown that the so-called “ gnarled schists consist 
of two series, one little altered and the other truly metamorphosed, 
but both Archaean. He believed the rocks with Bala fossils in the 
north of Anglesey were let down into the midst of the Arohccan by 
faults. He had always held that the schists underlay the granitoid 
rocks. 
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40. On the FRirCTIFrCATION o/ZErLLERIA(SPHENOPTERIs)DELICATTJLA, 
Stemb., sp. ; with Remarks on UiiNATOPiEias (Sphenopteris) 
TENELLA, Brongt., and Hymenophyllites (Sphenopteris) quad- 
rid actylites, Gutbier, sp. By Robert Kidston, Esq., E.G.S. 
(Read May 28, 1884.) 

[Plate XXV.] 

So much confusion has arisen between Splimopteris dellcatula, 
Sternb., Sphenopteris tmelluy Brongfc., and Sphenopteris' qnadridacUj- 
lites, Gutbier, that in dealing with Sphenopteris deUeatala, Sternb., 
it is also necessary to give a list of the synonyms of the two other 
species, which, in the barren condition, approach it somewhat 
closely. 

The small-pinnulod members of the genus Sphenopteris, Brongt., 
are, under the most favourable circumstances, from the delicate nature 
of their fronds, extremely difficult to detcrinine. As they usually 
occur in a very fragmentary condition, and the segmentation of their 
pinnules varies considerably according to the position held by the 
pinnae on the frond (the pinnules of the upper pinnae being generally 
more simple than those on the lower pirmLC), the difficulty of discri- 
minating the species is considerably increased. 

When the specimens have suffered any lengthened maceration, 
the limb of the pinnules usually disapj)ears ontiroly, and there is 
nothing but the veins left. In this state, the specific identification 
of these delicate Sphenox>teroids is very unsatisfactory, if not quite 
useless. 

Fortunately the fruit of Sphenopteris delicatida, Sternb., Spheno- 
pteris tenella, Brongt., and Sphenopteris quadridaetylites. Gutbier, 
is known ; and though their barren fronds may possess a considerable 
likeness, their fructification is very distinct ; but even the barren 
fronds, when well preserved, arc sufficiently marked to enable one 
to determine the species with absolute certaint}^ 

Zeilleria, nov. gen. 

Involucres borne at the extremities of the pinnule- segments, 
which are more or less produced to form a pedicel ; in the earlier 
condition the involucres arc globular, but at maturity they sjjlit into 
four valves. 

The ferns for which this genus is proposed have been included 
by Stur, in his last work on the classification of Carboniferous 
Fossil Ferns in his genus CaJymmaiotheca ; but from the ferns 
originally placed by him in this genus they differ so materially in 
certain structural points that it is necessary to place them in a new 
genus. 

* Stur, “Zur Morph, u. Sy»t. der Culm- u. Carbonfame,” Sitzb. derk.Akad. 
d. Wise, in Wien, vol. Ixxxviii. Abtb. i. p. 799 (1883), 
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The fructifications originally included in Calymmatotheca are com- 
posed of a number of elongated sporangia, arranged in a circle 
round a common point of attachment. In the fossil state the 
sporangia more commonly appear as if they radiated in a fan-like 
manner from their common support ; but this is due to the circle 
having been broken, as many specimens I have seen show them to 
radiate from a central point, and some in this state have been figured 
by Mr. C. W. Poach* * * § , under the name of Staphjiloptens Fmchii, 
Eth. and Palfoiir, and later by Zeillcrt. The explanation of the 
true structure of the fruit of Cah/mniatotheca was first pointed out 
by llenault:j;, and has been corroborated and more fully explained 
by Zeiller. Stur, indeed, regards these sporangia as the split-up 
remains of an involucre or indusium. This view, however, from the 
explanation of the structure given by llenault and Zeiller, and the 
figures of the last-mentioned author, as also from the specimens I 
have seen, appears to me to be (]uitc untenable. 

In the ferns for which I propose the genus Zeilleria, wo have 
an indusium which is, whilst immature, globular, but at maturity 
splits into four valves. On the specimens of Znlleria {Sphen.) 
delicatula, in the Tlritish Museum, emo is able to trace the several 
stages of development. In this new genus must also be placed the 
two species lately described by Stur, 0. avohknsls and C\ Frenzli §. 

There is still another difieronce between Cdhjmmatothecd and 
Zeilhria, In the former genus the fructifying portions arc entirely 
destitute of foliage-pinnules, whereas in the latter genus the 
fructifying fronds differ little in appearance from the barren, the 
fruiting segments being only slightly produced to form a pedicel on 
which the indusia arc supported. 

Cali/mmcUotheca, as liere restriefed, is probably related to the 
Marattiacdce ; whereas ZelUrrla appears to have affinities with the 
B ymenopluj llacei v. 

* C. W. Peach, “ Oa the Circinate Vernation, Frnotifioat.ion, and .Varieties of 
S'pJicnopfaris nffinis, and on ^ophiUrpterl^ ? Pmehii of Etheridge and Balfour,” 
Quart Journ. Oeol. Soc. vol. xxxiv. pi. Tii. yiii. 

Mr. Peach has kindly allowed me to examine the speeirnens from which most 
of his figures were drawn. What ho regards as the fruit of affinis, L. & H. 
(pi. vii. f. i^.), is, I believe, merely a rougliness on the back of the pinnules, but 
not of organic origin. 'J’lie real fruit of this fern is Sfaphylopferis Peachii, 
which was regarded by Mr. Peach as a parasite ; but fnmi abundant evidence 
it is proved beyond all doubt that the supposed parasite is the fruit of S. affinis, 
which must now be placed in Calymmatotheca, as originally used by Stur. I 
have also seen a Calymmatothecous fruit attached to the st em of Calymmatotheca 
{^phenoptems) hifida, L. & II., sp. Mr. I'each’s fig. 4, pi. viii. probably belon^B 
to C. bifida, L. & H., sp., which has a much greater number of elongated sporan^a 
than C. affinis, L. & H. 

t Zeiller, “ Fructifications de Fougeres du terrain houiller,” Ann. des Sci. 
Nat. fie B^r. Bot , tome xvi. p. 182, pi. ix. f. 10, 11. 

I have great pleasure in naming this genus after M. R. Zeiller, who has 
done much to elucidate the fructification of the Carboniferous Ferns. I am 
also personally indebted to him for kind assistance given me in regard to the 
synonymy mentioned in this communication. 

J Renault, ‘ Cours de Botan.’ vol. iii. p. 198 (1883). 

§ Stur, l.c. pp. 171, 172. 
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Zeilleria delicatula, Stern b., sp. 

Sphenopteris delicatula, Sternb. Versucb, i. fasc. 2, p. 30, pL xxri. 
fig. 5, fa'3C. 4, p. xvi. ; Brongt. Prodrome, p. 50, 

Sphenopteris mnfolia, Sternb. Versuch, ii. p. 56, pi. xx. f. 5 ; 
Unger, Syn. Plant. Foss. p. 61; id. Genera et Species, p. 112; 
Giebel, Deutscbl. Petrefacten, p. 40 ; Schimpor, Traite de Paleont. 
Vcgct. vol. i. p. 383 ; Stur, Jahrb. d. k.-k. geol. lleichsanstalt, vol. xii. 
p. 143, 1861-62. Feistmantol, Steinkohl. u. Pcrm-Ablagcr. p. 74. 

Cheilanthites msifolius, Gbpp. Syst. Fil. Foss. p. 241; var. trifiduSy 
Gopp. Syst. Fil. Foss. p. 241, pi. xv. f. 3, 4; ? Ettingsh. Steinkob- 
leuflora von lladnitz, p. 36, f. 3. pi. xviii. 

Description. — Frond tripinnate, pinnae alternate, pinnules oppo- 
site or alternate. Barren pinnules deeply divided into 3-6 narrow 
segments with retuse apices, each segment having a single vein. 

Segments of fertile pinnules slightly produced to form a pedicel, 
on which the involucres are borne. Involucres globular in the early 
state, but sjdit up into four valves towards maturity. 

Itachis fiexuous and slightly winged. 

llemarhs. — Two tolerably perfect primary (?) pinnae are shown 
in PI. XXV. fig. 1 ; from the position they hold to each other, they 
in all likelihood spring from a common rachis. At several points 
of this specimen indications of the fruit are shown ; but the in- 
volucres have been removed, and the point to which they were 
attached is only indicated by a small dark spot. 

The ordinary form of the barren frond undergoes but little 
alteiation in the fertile condition. 

The fertile segments of the pinnules become slightly elongated, to 
form, as it were, a litlle pedicel for the involucres, as seen in 
PI. XXV. figs. 2, 3, 5, 6, 7, 8, 10, 11, & 12. 

The young state of the fruit is shown in PL XXV. fig. 2, where it 
appears as a little globular involucre placed upon a short stalk. 
Several of the pinnules in this figure are barren ; thus it shows one 
of the generic differences between Zdlleria and Cahfmmatotheca, 
as the last-mentioned genus is restricted in this communication. 

The same character is seen in figs. 3, 6, 7 of the same Plate. 

Figures 3 & 9, PI. XXV., show the form which has been distin- 
guished as Cheilanthites meifollus, var. trifidus, Gopp. 

In fig. 3 many of the segments of the pinnules are produced in 
a setaceous manner. These were probably soriferous, as the 
involucres shown in PL XXV. figs. 2, 6, 7, 8, 10, 11, & 12 are sup- 
ported on stalk-like pedicels. 

The involucres, split into four valves, are shown in PL XXV. 
figs, 5, 5 a, 6, 7, 12, 12 a. Generally, only three valves are visible ; 
but one capsule, which has been split and flattened out, shows 
distinctly the four segments (fig. 5 a). This figure is an enlarged 
view of an involucre on the small slab, fig. 5. 

The barren pinnules consist of a narrow border of delicate tissue 
on each side of the midrib ; but it is only in weU-preserved specimens 
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that any trace of this is seen (fig. 13). The rachis of the primary 
and secondary pinnae appears to be slightly winged. 

The pinnules towards the middle of the specimen in PI, XXV. 
fig. 1, have 0-7 approximated segments; but on the lower pinneeof the 
same figure, as well as in fig. 4, the segments of the pinnules are 
placed further apart and almost appear as bifid or trifid pinnules on a 
tertiary rachis. 

It will also bo observed, that the pinnules are opposite in fig. 9, 
PI. XXY., and alternate in most of the other specimens. 

liemarics. 

Hymen opuYLLiTEs delicatultjs, Zcillcr. 

The plant figured by Zeillcr as IlymenojiihyTlites delicatiilus, in the 
Ann. d. Sciences Nat. vol. xvi. pi. x. figs. 22-32, is referable to 
S. quadridactyHies, Gutbier, which this author has regarded as a 
synonym of ZeUleria delicatnla, Sternb., sp. Though the barren 
fronds of the two species have considerable resemblance, they are, 
however, essentially distinct. 

In Hymenophyllilcii quadridactyUtes^ Gutbier, sp., the pinnules are 
rounder and the lobes not so narrow. The fructification also is of 
a different type. In IL quadndactylites the sporangia appear in 
the fossils to have been situated heyond the {ipparent margin of the 
pinnule, and M. Zeiller informs me that he has observed what he 
believes to be traces of a column in the middle of some of the groups 
of sporangia of this fern, to which they were probably attached ; 
but owing to the indistinctness of this structure ho refrained in his 
descriptions from afiirming its presence, although he believes the 
appearance could not have been accidentally produced*. 

In the figure oi l^phmopiens met folia given by Ettingshausen in 
his ‘ Steinkohlenflora von lladnitz,’ the pinnules appear to bo rounder 
than represented in Sternberg s original figure ; but the specimen* 
from which Ettingshausen’s figure has been taken seems to have 
been indifferently preserved, so it cannot be critically considered. 

SplienopUris midfolia ^ Ludwigt, is not Sternberg’s plant, but is 
probably only a small form of the fern he has identified iis Asplenites 
lindscToidts, Ett., from which, however, it also seems specifically 
distinct. 

The specific identification of the specimen figured by Gutbier as 
S, delicatula Xi owing to the imperfect state of its preservation, is 
also subject to doubt. 

The specimens from which my figures are taken are in the 
collection of the Eritish Museum, and my thanks are due to Dr. H. 
Woodward, E. It. S., for permission to figure and describe them. 

Position. Upper (?) Coal-measures. 

Locality. Forest of Wyre, Worcestershire. 

^ Letter dated Paris, 30 Sept. 1883. 

t Bull, de la Soc. Iinp6r. de Nat. de Moscou (1876, p. 21), pi. L f. 6. 

I Gutbier, ‘ Ver6t. d. Zwick. Schwarzk.’ p. 38, pL v. f. 22. 
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Ueratoptebis, nov. gen. 

Barren and fructifying fronds dissimilar. Pinnm of fructifying 
fronds bear two rows of alternate urccolate sporangia, which open 
at the apex by a small circular pore. 

This gpinis is formed for the rcceptiou of /S, teneUciy Brongt., which, 
from the peculiar structure of its fruit, cannot be referred to any 
existing genus. 

Urnatopteris terella, Brongt., sp. 

SjjJienopteris teneJJa, Brongt., Ilist. d. Yeget. Poss. p. 186, pi. xlix. 
f. i. ; Unger, Syn. Plant Poss. p. 61 (excl. syn. cijsteoifhs, L. 
& H.); Genera et Species, p. 112 (excl. syn. S. cysteokle.s^ L. 
& H.) ; lYciss, Plora d. jiing. Stk. u. d. Both. j). 56 ; Catalogue of 
Hutton collection, p. 108, Newcastle-on-Tyne ; Sternberg, Yersuch, 
ii. p. 60 ; Lesqueieux, Gcol. of Ponnsyl. vol. ii. p. 861 ; Weiss, 
Yerhandl. d. naturh. Yereines d. preuss. Bheinl. u. Westph. p. 70, 
1868. 

CheilaniJiltes Undhts^ Goppert, 8yst. Pil. Poss. p. 240. 

Sphenopteris lonceolafa*, Williamson, “Anomalous Oolitic and 
Palaeozoic Porms of Vegetation.’’ Boyal Institution of Great Britain, 
Feb. 16, 1883. 

ASphenoptirismvltiJida^'lj. & H., Poss. Flora, vol. ii.pl. cxxiii ; 
Morris, in “ Geol. of Coalbrook Dale,” Trans. Gcol, 8oc. 2nd 8er. 
vol. V. p. 488; Sauveur, ‘Yeget. Poss. de la Belgique,’ pi. xxiii. 
f. 3, 4. 

Sphenopierls delicaiitla ^ Brongt., Hist. d. Yeget. Poss. p, 185, 
pi. Iviii. f. 4 ; Sauveur, Yeget. Poss. de la Belgique, pi. xxiii. 
f. 5, pi. XXV. f. 2 ; Schimper, Traitd d. Paleont. Yeget. vol. i. 
p. 415, 

Trichomanites delicatuhis, Gbpp. Syst. Ihl. Poss. p. 267 ; Unger, 
Syn. Plant. Foss. p. 72; Unger, Genera et Species, p. 134; Giebel, 
Heutschl. Petref. p. 47. 

J/ymenoplujlliies delivatidns^ Lesqx. Geol. Survey of Illin. vol. iv. 
p. 412 (gives as ref. Brongt. Ilist. pi. Iviii. f. 4). 

# In a letter to Prof. Williamson on the subject of the fruit of this fern, I 
stated that I regarded Si. lanccolafa, Giitbier, and aS. tcnella, Brongt., as the 
same plant. Since then I liare seen an authentic specimen of S. lanccnlnta from 
Zwickau, and notwithstanding the great similarity of the ligures of Gutbier and 
Brongniart, when actual specimens are examined, the plants are seen to be 
quite distinct. Fig. 18, pi. v. of Gutbier’s work (Verst, d. Zwick. Scliwarzk. 
p. 34), is almost undistinguishable from Brongniart’s figure of S. tenelJa, and it 
was on this figure that 1 proposed their union. Some continental botanists, 
with good reason, unite the beautiful figure given as aS'. acutlloha, AndrcB (not 
Sternb.), with S. lanccolota^ Gutbier. This figure shows the real differences 
between S. lancmlata and Unella. Gutbier’s fig. 4, pi. iv., gives the form of 
B. lanceolata, wliieh And raj had ideatifiod as S. ucutiloha, Sternb., in error. 

To distinguish the 8. acutiloha, Andra?, from the true 8. amtiloba. Sternb., 
Andrte’s plate (Yorweltl, Pflanzen, pi. vi.) has been designated 8. Coemansii, 
■which name must now be suppressed tCrepin, “ Notes Pal eophytologiques, ” Soc. 
Boy. d. Bot, de Belgique, vol. xi.v. p. 16). {8. teneUa:=^S. lanceolata. See also 
Neues Jahrbuch, 1884, part ii. p. 295.) 
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Bhodea delicatula^ Sternberg, Yersucb, ii. p. 111. 

Emphenopteris tenella, Kidstoii, Trans. Iloy. Phys. Soc. Ed. vol. vii. 
p. 129, pi. i. f. 1-6 ; Id, Annals & Mag. Nat. Hist. Ser. 5. 
vol. X. p. 7, pi. i. f. 1-6. 

SphenopteriSi sp., Lcboiir, ‘ Illustrations of Fossil Plants,’ p. 79, 
pi. xxxix. 

Description . — Barren fronds tripinnatc or decompound ; pinnj© 
and pinnules alternato, linear-lanceolate ; pinnules divided into 
narrow segments, which end in a blunt point ; those on the basal 
part of the pinnule bifid or trifid, those on the upper portion un- 
divided. Fertile fronds : j)iniim reduced to a rachis having two 
alternate rows of urceolate indusia, which open at their apex by a 
small circular pore. 

llemarlcs . — Since writing my previous paper on the fructification 
of N. [E'tisphenopferis) Undla, Brongt., 1 have had many opportu- 
nities of examining numerous specimens of this fern, both in the 
barren and fertile condition, from the Coal-measures, Furnace Bank, 
near Sauchie, Alloa. 

The plant figured as S. dclkainJa by Brongniart is only one of 
the forms of N. tenrlla of the same author. I'hat it is not the 
E. delicatala, Sternberg, has long been recognized*. This variety 
was not uncommon at Furnace Bank. 

I have been enabled to oxomine the specimens of S, multifida^ 
L. & H., in the Hutton collection, Newcastle' on-Tyne, and to compare 
them with the type of N. tmella, Brongt., wliich is fortunately 
preserved in the collection of the Brit isli Museum, and I find the two 
plants are identical and in all i)robability from the same neigh- 
bourhood. 

It has been suspected for some time that S. multi fida, L. & H., 
and S. tenella, Brongt., were the same fern, and a comparison of 
Brongniart’s type with Bindley and Huttons plants, affirmatively 
settles this point ; hence N. muUiJida, L. & H., must be eliminated 
from our lists of fossil plants, and N. Unella, Brongt., substituted as 
being the earliest name of the apecaes. 

This ])lant has been figured as S. ddimtida by Sauveur. That on 
his plate xxiii. fig. 5 corresponds to N. delicatala, Brongt. (not 
Sternb.), and that on his plate xxv. fig. 2 to the form figured by 
Bindley and Hutton as S. mallifida. 

Notwithstanding the great similarity between certain forms of 
the barren fronds of Urnatopteris tenella, Brongt., sp., and Zdlleria 
delicatala, Sternb., sp., wliich has fre(]ucntly given rise to errors of 
identification, their fruit is quite distinct. In U. tenella, Brongt., sp., 
the urceolate sporangia arc borne upon modified fronds, the spores 
escaping through a small pore at their apex; whereas in Zeilleria 
ddicatula, Sternb., sp., the globular involucres are borne upon fronds 
of the ordinary type, and at maturity split into four valves for the 
distribution of the spores. 

In my former paper describing the fruit of S, tenella, I indicated 


* Geipp. Syst. Fil. Foss. p. 267. 
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that the affinities of this fern i?rere probably Hymen opbyllaceoiis ; 
but Prof. Williamson, referring to my remarks in bis lecture on 
* Anomalous Oolitic andPalsDOzoic Porms of Vegetation/ has pointed 
out the identity of the sporangia of U. (Spheno^tens) tenella in all 
essential features with those of recent Daiiece^ and my further 
investigations have led me to adopt this view and to regard the fern 
as undoubtedly Marattiaceous. 

S'phenopteri^ tetfiella, Heer, Vorwcltl. Flora d. Schweiz, p. 16, pi. i. 
f. 9, 10. — Judging from the figure, there is no evidence to show 
that this specimen belongs to S. tenella. The fossil appears to me 
to have been too imperfect for any satisfactory determination. 

Sphenepteris linearis., var., Lebour, ‘ Illustrations of Fossil Plants,’ 
p. 65, pi. xxxii. — This is probably only an indifferently preserved 
example of S. tenella, Brougt. 

S. delicaUila (Brongt.), Boulaj^ Terr, houill. du ^N'ord do la France, 
p. 28. — Abbe lioiila)- includes this species in his list of fossil plants 
from the Coal-measures of the north of France ; but as it does not 
appear in a later publication b}’ Zeiller (Fougeres du terr. houill. du 
Nord de la France), it is likely that Boulay’s plant is tho Hymeno- 
pliyllites quadridactylites, which occurs in that coal -basin. This is 
the more probable, as Zeiller, to whom I submitted specimens of 
S. tenella, Brongt., informed me that he had not met with it in the 
north of France. 

Position. — Coal-measures. 

Localities. — Scotland : Furnace Bank, near Sauchie, Alloa, Clack- 
mannan ; roof of the Kiltongue Coal ; Bailieston, Lanark. 

England ; Bensham Horizon, Jarrow Coll. ; Gosforth. 

HTMENoriTTLLiTES, Goppcrt, 1841. 

Gattungen der fossilen Pflanzen, p. 53. 

Htmenophtllites quadridactylites, Gutbier, sp. 

SpJienopteris quadridactylites, Gutbier, Verst, d. Zwick. Schwarzk. 
p. 36, pi. xi. f. 5. 

Sphenopteris tetradaefyla, Unger, Syn. Plant. Foss. p. 66; Genera 
et Species, p. 121 ; Giebel, Dcutschl. Petref. p. 43. 

SpJienopteris tridactylites, Geinitz (not Brongt.), Verst, d. Steink, 
in Sachsen, p. 15, pi. xxiii. f. 13, 14. 

SpJienopteris opposita, Giebel, Deutschl. Petrefacten, p. 40 ; 
Gutbier, Verst, d. Zwick. Schwarzk. p. 36, pi. xi. f. 6; Unger, Syn. 
Plant. Foss. p. 62; Genera ct Species, p. 113; Gutbier, Gaea v. 
Sachsen, p. 75; Sternberg, Vcrsuch, ii. p. 128. 

SpJienopteris minuta, Giebel, Deutschl. Petrefacten, p. 40; Gutbier, 
Verst, d. Zwick. Schwarzk. p. 39, pi. iv. f. 9, pi. vi. f. 10; Unger, 
Genera et Species, p. 114; Id. Syn. Plant. P'oss. p. 62; Gutbier, 
Gaea v. Sachsen, p. 75 ; Sternberg, Versuch, ii. p. 128. 

SpJienopteris delicatula, Zeiller, Princip. Veget. Foss, de la 
France, p. 42 ; Zeiller, Bull, de la Soc. Geol. do France, 3® ser. 
vol. xii. p. 193. 
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Hymenophyllites delicaiulus, Zeiller, “ Fruct. d, Foug^res Houill.’^ 
Ann. d. Sci. 6® scr. vol. xvi. p. li)6, pi. x. f, 22-32. 

2 Sphenopteris laciniatci, Gutbier, Verst, d. Zwick. Scbwarzk. p. 76, 
pi, xi. f. 4; ? Unger, Syn. Plant. Foss. p. 66; Id. Genera et. 
Species, p. 122. 

Description. — Frond tripinnate ; ])innoe alternate or opposite; 
.rachis dexuous, winged ; barren fronds, pinnules divided into 4-7 
obovate lobes, which have 3-6 rounded lappete, ^ach having a 
simple vein ; fruit* borne at the extremity of the lobes ; but placed 
beyond the limb. Sporangia provided with an annulus. 

Remarhs. — I have already, while making a comparison between 
this species and Zdlleria ddicatula, Sternb., sp., entered into all the" 
details of the structure of the fruit of this fern, so far as is at present 
known, so need not repeat here what has already been said on that 
point. 

SpTiempteris tridactylitesy Geinitz (not Brongt.). — M. Zeiller has 
pointed out"*^ that tlie S. quadridactylites, Geinitz, is essentially 
distinct from BrongniarPs plant of that name, and is to bo referred 
to /S. qnadrulactiiUieSf Gutbier. The true S. tridactylites of 
Brongniart is a much more robust plant, with a firmer texture. 

That Geinitz’s figure of S. tridactylites is not Brongniart’s plant 
of that name, but is S. quad rid act yUtes, Gutbier, will be admitted 
by any one who may examine into the subject. 

There are two other species which seem to be identical with S. quad- 
ridactylites, Gutbier. These are S. opposf to, Gutbier, and^. mmuto 
of the same author. 

Sphenopteris minuta., Gutbier. — This I believe to be only the 
upper portion of a specimen of S. opposita. 

Sq^henopteris oj^posita, Gutbier. — This I am inclined to regard as 
only a form of S. quadridactyiites. It is true that in the figures of 
these two plants, the pinnoe arc alternate in S. quadridactyiites and 
opposite in S. opposita; but in many species, the pinnae are opposite 
or alternate according to the position they hold on the frond, and, 
as numerous examples show, little or no value can be placed in 
such characters as pinnm opposite” or “pinna) alternate ”t. 

The differences between the largo drawings of these two species 
{S. minuta and /S', opqiosita), as given by Gutbier, seem to me to be 
individual, not specijic. 

After a careful examination of the descriptions and figures to 
which I have referred, I can only regard S. opposita, S. minuta, 
Gutbier, S. tridactylites, Geinitz (not Brongt.), and IJymenophy Hites 
delicaiulus, Zeiller, as belonging to llymenoqdiyllites {Spk.) quadri- 
dactyiites, Gutbier. 

* l.c. ‘Fructifications dc Foiigeree/ p. 196. 

t Compare HunivgJiausi, Aiidrce, Vorw. pi. iv. & pi. v. f. 1 ; 8. acutiloha, 
Andrce, Vorw. ph vi ; 8. artcmhi<sfulia, Brongt. Hist. d. Veget. Foss, pi. 
xlvi., xlvii ; 8. GravenlwrsHi, Brongt. Hist, pi. Iv. f. 3 6; Neur. giyantea, 
Brongt. Hist. pi. Ixix. ; Pecopteru Davreiixii, Brongt. Hist. pi. Ixxxviii. ; 
Pec. arhorescens (P. cyathea), Brongt. Hist. pi. ci. f. 1-2 ; Pec. arborescens, Brongt. 
Hist. pi. cii. &c. 
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ffymenophylUtes quadridactylites has not, so far as I am aware, 
been yet discovered in Britain. 

In concluding these somewhat lengthy notes, I have only to 
express the hope that those w^ho have the opportunity of collecting 
fossil plants, will avail themselves of it, as at present our knowledge 
of the British fossil flora is very imperfect. 

EXPLANATION OF PLATE XXV* 

Zeilleria delicatula^ Sternberg, sp. 

Fig. 1. Two pinna?, moslly barren, but showing places from which sporangia 
hove fallen, wliicli were indicated on the fossil as darker points. 

2. Portion of frond, showing the fruit in an early state of development. 

They occur here as closed globular involucres. 

3. Portion of another frond, bearing barren and fructifying pinnules mixed 

with each other on the same pinna?, 

4 . Small portion of a barren frond. 

6. A small specimen, showing the opened indusia. 

. 5 a. A split indusium, showing the four gegments : enlarged. 

6. A few open indusia. 

The same enlarged, showing the valves into which the indusia split 

7, 8. Small speeiine!)s, showing mature and split indusia. 

9. Barren pinna. The form named var. irij^da^ Gdpp. 

Ofl'. I he same, enlarged. 

10. Small specimen, showing the split indusia. 

11, 12. A few indusia supported on their elongated pedicels, 

12 a. The same, enlarged. 


Discffsion. 

Mr. Caerfthfrs remarked that the discovery of fructification 
in fossil ferns was of great importance, the characters presented 
by the fronds in both recent and fossil forms being so similar. 
Generic distinciicns to be of value must be founded mainly upon 
the fructification, and without it the classification was to some 
extent mere guesswork. He said that lie had formed rather diffe- 
rent opinions from the author on some of the points referred to, 
hut the subject required much caution. Cahjmmafotlieca was pro- 
bably a Hymeno])hy]laccous fern, like Cychpteris hibermca. About 
Zeilleria and JJrnaUpUris it was more difficult to decide. 

Dr. Mueie congratulated the author upon the interesting nature 
of his communication. 

Mr. Kidston, in reply, pointed out the distinction between the 
sporangia of the diflerent foims referred to in the paper, and said 
that he was sure, if Mr. Carruthers would examine the specimens, 
he would recognize the importance of these distinctions. 
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41. On the new Hailwat-Cutting at Guildford: — The Pleistocene 
Sands and Drift-Gravels observed there. By Lieut-Col. H. H. 
Godwin-Austen, P.B.S., F.G.S., With Introductory 

Notes on the Eocene Beds, by W. Whitaker, B.A. Lond., E.G.S. 
(Read May 28, 1884.) 

1. London Clay, Woolwich and Reading Beds. 

In December 1880 tbc following note of the southern end of the 
cutting on the Main Line just north of Guildford station was taken, 
the castcin side having been recut to widen the line : — 

Basement bed of tlie London Clny. Brown loam and clayey sand, with 
scattered flint pebbles, resting irregularly on the bed below, the junction 
falling northward. 

Clay shell-beds, weathering to a brow'n 

clay at the outerop ... From less than 1 foot to3 feet. 

Very dark grey clay with daik criuiBon 

mottling about 8 feet. 

Light grey clay mottled of a deep crimson 3 feet or more. Woolwich and 

Grey clayey sand or windy clay 2 feet Reading beds. 

Daik plastic clay, with si^ns of bedding. 

Ihis occurs only at the end of the 
cutting on account of the ncrlherly 
dip several feet. y 

This section, though not so clear as it was when fresh cut, is still 
well disjdayed, and the shell-bed is very distinctly seen. 

This cutting was described long ago by Prof. Prestwich*; hut 
the details of the Woolwich and Reading beds may be useful for 
comparisou with the section on the other side of the valley. 

The new cutting north-east of Guildford, on the Guildford and 
Surbiton direct Line, now in process of formation, is of great 
interest, not only as showing a thick mass of drift, resting very irre- 
gularly on the Chalk, hut also as again opening up the Reading 
beds, which are so rarely seen in this neighbourhood. It begins 
near the eastern end of King’s Road (Stoko road), and in a sharply 
curving course cuts the London road just north of Alderney Place, 
and then runs roughly parallel with that road to the south of Oak 
Lodge ; so that it is about a mile long. 

Owing to the northerly dip the Eocene be'ds occur only at either 
end, the central and deeper part of the cutting being more to the 
south, and showing only chalk beneath the drift, the thickness of 
which latter, moreover, may have some effect in carrying the 
boundary-line of the Eocene beds to the north. 

At the western end, near King’s Road, there ia clay, which must 
be London Clay ; for about 35 yards from the road a little of the 

* Quart. Journ, Geol. Soc. vol. vi. p. 201 (1850)* 
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usual brown clay occurs, and is underlain by the brown lonm of the 
basement- bed, which is several feet thick, but apparently without 
fossils or pebbles. 

Gravel comes on above about 40 yards further, and, after another 
20 yards, the Woolwich shell-bod rises from beneath the basement- 
bed of the London Clay, but is only a few inches thick, and seems 
to consist chiefly of broken Cyrence*, with Ostrea and, rarely, 
Melania. 

The London Cla}^ seems to end off some 25 yards further, when 
the gravel and sand gets thick, and mottled clays come up from 
under the shell-bed, first dark, then bright red, then palo green, 
and lastly reddish. 

Unfortunately the junction of the Heading bed with the Chalk is 
nowhere to be seen, the gravel hiding it, and, about 175 yards 
beyond where the London Clay ends, sinking sharply below tho 
line. 

About 50 yards further a mass of brown clay, over 4 feet thick, 
and with those small calcareous concretions known as “ race,’’ occurs 
in the gravel, and seems to extend for some distance. Up to this 
point tho notes were taken on the northern and higher side of the 
cutting only. 

Beyond this there is a chalky layer near tho base of the gravel, 
and then that base consists of worked-up chalk and flints. 

Just before getting to the bridge that carries the London road 
over tho line, rubbly elialk appears beneath the gravel ; but at the 
bridge the gravel sinks below the line, the Chalk rising up again on 
tho other side. 

2. The PJeistoceyie Sands and Drift-Gravels. 

Perhaps the most interesting deposits exposed in this cutting arc 
those of a much later age than the Eocenes which Mr. Whitaker has 
described above ; for we have here a remnant of beds, no doubt for- 
merly of far greater extent, laid down, at this ancient level, in front of 
the gorge of the Wey, and whicli were spread out over the area on the 
north, l)efore it became again denuded to its present level, and at a 
time when probably the Lower Bagshot sands extending further 
south bounded the left bank o])])ositc iStoke. 

The lowest bed of these older stratified gravels is first seen on 
entering the cutting at its west end, near the King's-Road bridge 
(vide Main Section, fig. 8, 15 miles 30 chainsf), and rests upon the 
denuded surface of the London Clay, and, in succession, the shell-bed, 
and the diflercut -coloured clays of the Woolwich and Reading series. 
Prom the commencement it is to be noticed that water-worn ironstone 
from the Lower Greensand formation (Folkestone beds) composes 

* These were originally unbroken, as a number of specimens can be found with 
both valves entire : they are broken by the blipping and bliding of the clays. 
The Melmiia are swittered among them, but not abundant. — G.-A. 

t E\ery chain -mark is printed on the post and rails on the north side of the 
line, and indicates distance from the Surbiton end of the line. 
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the bulk of the lowest stratum, mixed with only a. few angular or 
slightly worn flints, these last derived from the vicinity of the gorge, 
not having travelled sufficiently far to receive much abrasion. I 
have traced this lowest bed as far as the old chalk-quarry to the 
south, where on the top of the cliff it is distinctly seen, though now 
a mere remnant, resting on the Chalk, at the same level ; and it is 
interesting to observe that the present line of drainage intervenes 
and separates this outlying portion. 

At about 100 yards eastward, the gravels and sands are seen in full 
force on both sides of the cutting (vide Main iScction, flg. 8) and con- 
tinue for about 200 yards, up to 15 miles 18 chains. These sliow that 
up to 11 feet, material referable to the Lower-Greensand hills towards 
the sources of the Wey still forms the principal part of the sands 
and gravels, which are coarse below, very fine at top, with no pebbles, 
and some, formed in rapid water, presenting false-bedding, and un- 
mistakably fluviatilc (figs. 1 Sl 2, a f). Above this level the beds (^), 
although hero still horizontal, aro far coarser, and are exclusively 
derived from the Chalk, marking a coiisidcrablo change in the con- 
ditions of their formation and the area from which they have been 
derived. At their extreme limit eastward, the lower sands and 
gravels bend gradually over, and pass below the level of the railway 
line up to this, ascending 1 in 100 ; the lowest well-marked dark bed 
of gravel here, (54 feet above the Wey, or 1(>4 above the sea, was 
followed in excavating the ballast for the line to 12 feet lower, at a 
point some (50 yards further east, and near the western end of the 
new railway-station. Where those sands fall over, the Tertiary clays 
also disappear ; and it seems to mo that the former owe their dis- 
placement, not to any depression such as a pot-hole in the chalk, but 
to their lying, and not improbably having been deposited originally, 
against a bank of the clay, which would have a natural tendency to 
slip, particularly if subjected to pressure from above ; water too Avould 
act upon the surface of the chalk and reduce its level, while it would 
not produce the same effect on tho adjacent stiff clays. The strike 
of this displacement of tho sands lies upon a line drawn thence to 
the reappearance of the clays beyond the three-arch bridge at Cross 
Lancs ; and it is interesting to note that here, again, the superin- 
cumbent sands also showed a slight displacement from the horizontal, 
even a miniature fault of two or three inches being visible in the 
sands ; and the dark gravel, but not so thick, was again met with, 
at five feel below the level of tho line, as I am informed by 
Mr. Wills. 

It is not unlikely that the junction of the two formations, so 
unlike in composition and power of withstanding the effects of 
denudation as the Chalk and Tertiary clays, was a line of old 
drainage, a lateral tributary from the east previous to the deposition 
of the sands ; there is some evidence of this under Watford Farm at 
their eastern limit, where they abut sharply against tho clays. 

Before reaching the railway-bridge at the London road a very 
different set of beds has been cut into (vide sections, figs. 1 ^ & 
2a, h\ and figs. 5 A; 6), irregularly bedded, coarse, loamy sands, thick 



Pig. 1.— Secfion# North of Line at Chain-marke 15-20 and 15-22. (Scale 10 feet to 1 inch.) 
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beds of flints (exclusively, only a 
Tertiary pebble here and there) of 
large size, whole or broken, with 
an admixture of broken chalk, and 
also some red-clay beds ; this also 
occurs in nests or large lumps. As 
the bridge is neared it rests on and 
against a steep scarp of chalk, 
being almost entirely angular 
chalk rubble or breccia. These are 
undoubtedly Glacial drifts*, and 
the unconformity of the junction 
with the older sands and gravels is 
well seen at chain-mark 15 miles 
1 8 chains (vide Main Section, fig. 8, 
and fig. 2). Slight crumpling in the 
coarsely stratified material does not 
extend to the beds below ; and all 
along the north side of tiie line for 
about 200 yards W.N.W. toS.S.E. 
these beds dip low southward, 
thus indicating the continuation of 
the underlying sands in this direc- 
tion. After ])assing the bridge the 
horizontal pure sands are again 
met with low down on the lino, and 
abut against a steep scarp of the 
solid chalk having aslope of about 
20®-22° (fig. 4), and being the true 
continuation westward of the old 
Tertiary clay surface on which 
these same sands repose, already 
seen uncovered on the west ; but 
this old chalk-scarp is perfectly 
clean, with no flint-gravel or even 
chalk-rubble intervening between 
it and the pure sands, thus present- 
ing an extreme contrast to its sur- 
face where reached subsequently 
by the denuding drift. Passing off 
the Chalk at a i>oint 130 yards 
from the London road, the base of 
the sands is not seen, but up to 
the three-arch bridge at Cross 
Lanes, on the north side of the 
cutting, all is sand ; the chalk scarp 

* They lie at a lower level, and are, I 
consider, much older than the flint and 
loam beds that cap the sands west of the 
new railway-station. 



803 


Fig. 2 . — Section looking S.S.W. (True scale 1 inch =25 feet.) 
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going down to tho north below the line, and trending directly 
eastward from it, is lost to sight. It is near this portion, on the 
level of the rails and close upon the Chalk, GO yards from Cross-Lanes 
bridge and 40 yards or so to the oast of it, that the greatest number 
of the Mammalian remains (Elephas, Epms, and Bos) wore found. If 
wo take the loved of the basement-bed of the gravels (Greensand) at 
the King's Eoad, which is GO feet above the river Wey, supposing 
that no alteration of level has taken place since their deposition, 
their base should be found some 9 feet below this and extending to 
tho north ; and Mr. Wills informs me that 5 feet below tho line at 
the thrce-arch bridge, in digging the foundation, they came on 
the dark ironstone-gravels. The sands continue for another 
200 yards, and at Watford farm, on the south side of the line, 


Pig. 3. — Cross Section at 15 miles 19*5 chains, 
(Scale GO feet to 1 inch.) 



Pig. 4. — Cross Section at 15 miles 1 chain,, loolcing eastward, and 
ahout GOO yards east of Fig. 3. 



they end abruptly against a steep hank of the red clay of the 
Woolwich and lieading beds, which cross the line diagonally 
here. Unfortunately the slopes of the cutting had been cut clean 
and spread over with earth before 1 saw the section here. In 
all this last portion of the cutting, from the London road east- 
ward, the sands are very fine, with very few pebbles and those 
small. One bed becomes rather clayey ; it occurs at about 12 feet 
above the line on the south side, near Cross-Lanes bridge, and passes 
under it ; it is now marked by drainage-cuts, filled in with chjilk, to 
catch the water which collects above it. 
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Fig. 5 . — Section west of the London Road Brkhje, south Fig. 6 . — Section west of the London Road Bridye, north 
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What I have endeavoured to doscriho, top^ether with the details 
*ot' the sections at different poinl,s, is sufficient, I think, to show that 
there are several questions of extreme interest pertainingto tliesehi^h- 
level p^ravels and sands of the ancient Wey. They are : — 1st. What 
was tlicir relation to the topography of the country iii the past ? 
2nd. What relation do they bear to the outlines of the neighbouring 
country at the present day? Jlrd. What is their age? 

As the cutting shallows at Watford Farm (fig. 8, facing p. (>12), 
reddish clay occurs at the bottom. VV^ith a h^w pebbh's and green 
flints, it is here the lowest of the Heading beds. The gravel and 
sands seem to reach about 80 yards beyond, gr.'idually thinning out. 

Further on, at 14 miles 52 chains, near the next bridge over the 
line, the clay shell-bed was seen iH‘ar tlie bottom on the north- 
western side, wliile (dose by, on the other sid(^ the basement-bed of 
the London (day, consisting of the usual brown loam, but here con- 
taining a few slndls and with black flint-pebbles at the bottom, occurs 
overlying the shelly clay of the Woolwich beds, here more than 3 feet, 
thick. 

The Ixids sink to the north-cast, so that very soon only London 
Clay is to bo seen. (For farther details of the Eocene here, see 
main section, fig. 8, eastern half.) 

ddicse questions could, 1 feel, be better treated by our older geo- 
logists, who have devoted j^^ars of their lives to the geology, particu- 
larly the d\‘rtiary and Post-tertiary geology, of tliis ]>art of Ihigland 
and the neighbouring continent — Alessrs. Prost-wich, Evans, orris, 
ltu])ort Jones, and others, and among them my father, Mr. llobcrt» 
(lodwin-A listen. ]\Iany a iriih? has Ix'on walked in the examination of 
the country, and vast, stores of knowledge and unpulilished experi(‘n(‘e 
thus acquired, of ^ihich 1 ])oss(iss Init a fractional jiart, have lieen 
brought to bear on this subject. 1 cannot hope ever to lie able to 
examine and study what so many gi'ologists have seen and descrilx'd, 
and many of the sections so desiTibod will proba])]y never be exjiosed 
again. We can, however, all assist in the work. It is only by 
piecing together all the scraps of information collected from time t o 
time in the few good sections accidentally ]>rescuted to us that we 
can arrive at any thing like a history of the sequence of events in 
Post-tcrtiaiy% (llacial, and Post-glacial times. Even in these recent- 
looking sands we are brought face to face with very considerable 
changes in this part of England, and a great lapse of time that has 
elapsed since those changes were eflceted. In these later periods of 
the earth’s history the mind seems to realize the length of bygoiio 
time even more vividly than when we are dealing wuth older epochs. 

We have here the very unusual oiiportunity afforded us of seeing 
a considerable exposure of an old land-surface unaltered by the 
effects of denudation during the last phase of extreme cold con- 
ditions ; we can to a certain extent reconstruct the features that the 
country presented previous to that denudation, and which were 
evidently very different from those of to-day, although the main 
drainage was the same (see fig. 9, facing p. 612). 
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Our southern downs hud not tlien been travelled and swept over 
by drift, and rounded down by ice*actiou for the last time, and 
the country must originally have presented far sharper and steeper 
features and numerous ravines. The relief of the former features 
now brought to light, the irregular closely undulated surface of the 
Tertiary clays here exposed for many yards, is in remarkable con- 
trast to the regular, long, beautifully sweeping curves of the present 
surface ; and tlie greater j)art of the valley of the Wey and its 
tributaries, south of tJie chalk range, has been lowered certainly to 
the extent of GO feet since the sands i)reserving this old terrestrial 
surface were deposited. 

The impression nnide upon my mind by the contemplation of these 
sands is, that tlu'y were deposited in an old re-entering bend on this 
side of the gorge at a time when the old river-bed of the Wey stood 
at about GO fecit above its present, level, which river then washed 
the base of a steep scar]) of chalk on tliis side. The ancient level, if 
extended soutb, is close upon the site of the old castle, and crosses 
the High Street, ^larket Street, top of J^orth Street to the old 
quarry east of Chc'rtsey Street ; and I imagine that the chalk ])oint 
or s])ur then existing and overlooking the ancient river occupied a 
])osition between the (luarry and Aldersey blace, thrown off from 
mucli higher hills with sharper outline where the Morrow Downs 
now are. As the liuvial dei)osits were carried through the gorge 
and spread out over the flats to the north, the slope of the bed was 
becoming less : this is evident from the fact tliat the up])er beds are 
the finest. (The Thames valley itself was rapidly filling with de- 
tritus on i.he north.) Such a re-entering bend of a river is ])recisely 
the spot wlierc the carcasses of animals that have lived on the higher 
reaches of a river are occasionally floated in, sink and become 
buried in the silt ; and this is where, in the ])re8ent case, nearly all 
the mammalian remains have been exhumed. They are to be dis- 
tinguished from remains of the same fauna found in the later drift, 
often, I imagim}, derived from an intermediate resting- j)lace. I would 
in this place call attention to the fact that this re-entering bend of 
the old river has its counterpart in a similar bend of the river now, 
and due north of this point. 

The greatest thickness seen of these high-level sands is 32 feet, 
which gives the highest bed an altitude at Cross Lanes of 100 feet 
above the river Wey, or 200 above the level of the sea, the height of 
the base being very constant, only varying with the slight original 
north-westerly slope of the old clay surface and its minor undulations. 

On the deposition of these sands coming to a close, and towards 
the end of the period, the river had, from being broad and rapid, 
|)assed to more sluggish conditions ; there was a change. An eleva- 
tion of the country probably took place to the south, possibly, though 
not necessarily, with a corresponding depression upon the axis-line 
of the Thames valley, which led to the removal of the greater part 
of these earlier old river-gravels and sands in front of the gorge, 
leaving the remnant lately disclosed. Then commenced the further 
deepening of the tributaries on the south, and that of the gorge 
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itself. Thus, I conceive, at one time, previous to the deposition of the 
next set of lower-level gravels (Pease Marsh and Tillingbourne) and 
lastly the drift, these high-level beds presented tlie character of a 
much more extensive flat alluvial terrace, bounded by a low scarp, 
jutting out towards the bend of the river, over what is now Stoke 
Park and Woodbridge. 

Still confining ourselves to section No. 1, wo may note that another 
great change of conditions took place, indicated by the upper strata 
of loam and flints (</) tliat rest, apparently in a conformable manner, 
on the Lower-Greensand gravels (/) derived from the south, A great 
lapse of time, however, and the removal of many feet of the lower 
set of beds may be interpolated here. This is shown by a comparison 
of these two scctioTis. At 15 miles ll>-5 chains (at a 2)oint west of 
the new railway-station, fig. 3) the total thickness of the gravels and 
sands («-/*, fig. 1) is only 14 feet; they rest on the TeHiary clay, 
here two feet above the line, which at this point is 61-23 feet above 
the Wey ; therefore the highest level is 77'23 ft., or, taking the level 
of the Wey at the rail way -bridge at 100 ft. above the level of the 
sea, wc have 177*23 from that datum-line. 

At the three-arch bridge, Cross Lanes, the dei)th of the cutting is 
44 feet in the same sands, and deducting the 1 2 feet of drift-gravel 
(precisely similar to the surface-beds in the first section), the total 
thickness of sands exposed is 32 feet ; and it would be a little more if 
the base were seen. Adding the height of line above the Wey, here 
69*37 feet, we have 101*37 for the top of the sands, or a ditierence 
of 24 feet at least, lost by denudation. 

Let us now sec wbat relation this section bears to the country on 
the south, and what has been observed there. My father, in a paper 
entitled “ Land-surfaces beneath the Drift-gravel with which was 
given a maj) of this area, refers to tlie fact that the gravel-beds of 
tlie valley of the Wey arc underlain by an old terrestrial surface, in- 
dicated by peat, trees, and sedimentary deposits, and that tlie remains 
of extinct Mammalia are usually associated with this old surface, 
lie gives, as an example, the Pease Marsh, and mentions the fact that 
these beds are usually about 30 feet above the level of the present 
drainage-level : he says, p. 114, “ The older terrestrial surface does 
not occur anywhere, that I know of, on the immediate hanks of the 
Wey or Mole ; these rivers and their affluents now flow at levels much 
below the general outspread of the transported gravel such sections 
as are above described occur in the valley of the Tillingbourne, at East 
Shalford and Tangley Pond; they are lower than the terrace above the 
outcrop of the Neocomian clay, and rest upon this formation ; in some 
instancest the roots of the larger trees descended into the subjacent 
clays.” The old terrestrial surface north of the gorge of the Wey, 
lately brought to light, must not be confused with this much later 
one of the TiUingboume, overlain near East Shalford Farm by 
8 feet of drift-gravel. My father remarks, p. 116, “This old land- 
surface supplies us with a definite and valuable, though isolated, date 

* Quart. Journ. Geol. Soa vol. xi. p. 112 (road December 13, ISM). 

t Lor. cit. p. 114. 
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in the geological histor}^ of a largo area north of the Wealden denu- 
dation.” The older land-surface now exposed at Guildford is another 
and still earlier phase of those conditions, a link in the chain of 
evidence which renders the first less isolated, and may lead eventu- 
ally to the correlation of geological events of this age as displayed in 
other areas more easy of interpretation. 

I have already connected the level of the basement gravels with 
the narrow terrace or sto]) on the side of the hill overlooking the 
Wey on its right bank just wnthin the gorge at Quarry Street; and 
if we follow this level round the valley to the south-east, we see it 
showing again at the points or spurs of the Lower Greensand near 
the opening of tlie Tillingbourno valley ; it is represented very 
plainly^ from near the base of the steep slope of the Greensand up 
to the next fall to the present stream (the outcrop of the Neocomiaii 
clay), by the well-marked high-level terrace which extends as far as 
Halfpenny harm and Chil worth Manor ; this terrace is not so defined 
higher up the valle}^ where the ground is much more broken and 
cut into by lateral drainage-lines. If we suppose the drainage- 
fall of the couritry to have remained tolerably constant (though the 
character of the sands north of Guildford would show that the fall 
was greater) whilst the streams worked into it, and apjdy about 60 
feet to the level of the Tillingbourno at the Chilworth Mills, which 
are 140 feet above the sea, the 190-fcct level lies on the terrace 
above, and the 200-feet level is as nearly as possible that of the base 
of the next and principal escarpment of the sands. The discovery by 
Dr. Euckland, accompanied by" Mr. Godwin-Austen, of the bone of a 
Ithinoceros * in loam on the side of the Greensand escarpment, and 
at some height above the massive slopes of drift on the banks of the 
Tillingbourne, was not improbably in a small remnant of beds of the 
age of the Guildford high-level sands, which in such a position would, 
from their sanely^ nature, be very difficult to distinguish from the 
subjacent Greensand, that being probably covered by surface-wash 
of the same sands. 1 think this is a more likely explanation of the 
different levels at which the gravels have been noticed in the above 
valley than that alluded to in a footnote on the same page, viz. of 
longitudinal fractures having occurred in it since the deposition of 
the drift and gravel. In the diagrammatic section (fig. 9), where the 
elevation of the hills has been greatly exaggerated, I have attempted 
to show the difierent drainage-lines of old surface (No. 1, the oldest ; 
No. 2, the intermediate ; No. 3, the present) and their corresponding 
gravels (No. 1, tbe high level north of Guildford, and No. 2, the 
Pease Marsh), as well as the drift, distinguishing the difference of 
outline or probable relief of the country in past and present times. 

On the right bank of the Wey, within the gorge, the same line of 
level shows iteelf on the Portsmouth road on passing St. Catherine’s 
Hill by Braboeuf. The high-level gravels of the Tillingbourne at 
Shalford, near its junction with the Wey, range from 110 to 130 feet 
above the sea, and arc theretbre of a later date, and to these belong the 

* Murchit«ou, Quart. Journ. Gcol. Soc. vol. vii. p. 3 





LIEUT.-COL. H. H. GODWIN-AUSTEN ON THE 


gravels and sands of Shalford Common east of Stoncbridge, Bradstone 
Brook, &c., all deposited since a further excavation of the valley took 
place. Near Chil worth Station, on the South-Eastern line of railway, 
we have some gravels as high as 200 ft. ; these might be referred to 
the age of the Guildford sands. We may also refer to these last 
certain high-level sands indicated thus by my father {Joe, cit, p. 115, 
fig. 1) : — “ The gravel beds pass into fine sand, horizontally bedded, 
in the valley west of Pease Marsh, where the dotting of the plan is 
discontinued.” Those 1 have not had time to examine, and I do not 
know the level at which they occur. 

Beturning to the upper gravels {g) in section (fig. 1), derived ex- 
clusively from the Clialk, it is at once evident that this enormous 
quantity of flints did not arrive from the side of the gorge. It 
points to some such change of drainage-lines or conditions as to 
render the gorge of the Wey no longer an outlet to the north, and 
to a transport- of materials derived from the Chalk and Tertiary for- 
mations all along the norili face of the hills here, that is the North 
Downs. The altcM-natc beds of loam and flints are so regular and 
liorizontal in places, that still water seems indicated ; wdiile in 
oth(T places (see flg. 7) the disidacement of the beds indicates 
great [iressure and lateral [uishing, combined with a semifluid state, 
remarkably like the glacial de])osits of Alpine valleys. This section 
is very similar to fig. 2 at Wilton, Salisbury, given by Ih’ofessor 
Prostwich, Quart. Journ. Geol. Soc. vol. xi. p. 1(I2. 

The occurrence of land-sliells in the loamy sands indicates that 
these have been brought down from ofl' the old land-surface they 
liv('d upon. This part of the section, whores the bods are so very 
coarse and irregular and nearer to the chalk (tig. 7), shows, as 


lig. / . — Section on North side of Line at 15 'indes 9*75 chains 8 yards 
from London Hoad Bridge, west side. (8cale j inch to 1 foot.) 



a, a'. Pale groy chalky loam. 

h, />'. Largo flints, all more or loss broken. 

<*. Sand, coars(^, earthy. 

Sbells of Helix and Piqm. 

liu* arrow sliows the direction of Uie Drift. 
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denoted by the arrow, that the movement of the mass was from E. to 
W., or down the line of present shallow valley or combe from 
Warren Farm, near the top of the Downs, the portion a' having 
been forced out from a into the wateiy sands, when perhaps 
in a frozen state, the upper surface of the flints, h\ having at the 
same time been forced onward and separated from h» There is also 
a very different condition of things indicated by the great contrast 
between the extremely coarse nature and bedding of the drift 
resting on the angular chalk-rabble and the finer angular loamy 
beds that cap both this and the older sands (yule section at 
London Load, figs. 5 & (>, and fig. 1). 

Through the two phases of old terrestrial surface there are in- 
dications of quite a tem})erate climate, of the existence of great 
Mammalia living through both, and of a probable connexion with the 
continent of Europe, at least during the first phase. The change to 
the cold era we can imagine to have been gradual, killirig off by 
degrees the large pachyderms and the associated fauna, whose re- 
mains are found invariably in the lowest beds and, as in the Tilling- 
bourne, lying among the stools of the trees that grew on the old 
surface there. This surface was eventually covered up and perhaps 
destroyed by the valley-drift, which to a ceihain distance and level 
is found on the surface of all th(' formations running j)arallel with 
the North Downs on both sides of the ridg(^ 1 cannot see that it is 
necessary to introduce any forces indicating such violent action as 
the breaking np of tlie surface, or even any gn*, at alteration of 
general level. The steady denuding action of land-ice ai)poar8 to mo 
quite sufficient to have scoured and ])laiied the surface of the Chalk 
and neighbouring formations as we now see them, and to have 
distributed and carried the deposits of flints to tlio distances at 
which we now find them. .There seems to 1)C good evidence too, or 
even proof, that, for a part of this cold period at least, there was a 
complete change in the drainage of the (country for a considerable 
distance east and west, which niiglit have ])een caused either by the 
partial damming up of such gorges as those of the Wey and Mole, 
or hy a slight elevation on the north, or a depression south, on the 
English Channel area. Hiich a late depnission is indicated on the 
Sussex coast ; and Sir Itodcrick Murchison, in the following para- 
graphs, considered such to have taken pl;ic(! in Kent on the Med- 
— “The loam-drift with Hints extends indeed all down the 
banks of the Medway to Maidstone, and, occasionally spread over 
flats, is exposed near Yalding Station, capping a small elevation of 
Lower Greensand (Neocomian),” “ The arrangement of the drifted 
material also shows that the waters, whatever they were which 
translated them, acted in an opposite direction to the present 
Medway ; for in proportion as you approach to Maidstone and the 
North Downs, the fragments of flint become larger and much more 
abundant and again, at the conclusion of a paragraph on p. 387, 
with regard to the valleys having assumed their j)rosont form prior 


Quart,. Journ. Geol. Soc. vol. vii. pp. o82, 38fl. 
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to the Drift, Sir Roderick Murchison repeats “ in some cases 
the old drift has been carried up the present valleys.” I do not 
agree with Sir Roderick Murchison as regards the vast volumes of 
moving water occupying the valleys, although lakes may very 
possibly have been formed for a time in such positions as the Pease 
Marsh, or from Petteridge downward on the Mole drainage. Yet 
in this paper all his excellent observations and the facts arc brought 
before us ; and I would emphasize the transit of material to which he 
refers by adding that the drift was invariably from north to south 
all along the line of the North Downs from Kent to Farnham, and 
that on the elevated ridge of Leith Hill, also subject to like cold 
conditions, the local transport of drift was down its northern slope 
towards the main valley. 

What would be the effect of a reduction of the mean annual tem- 
perature on this undulating flat country ? There would be an ex- 
cessive snow-fall in winter which would accumulate to a great depth, 
with much drift-ice in the streams and rivers. It is not necessary 
to suppose any thing of the nature of a glacier as we know them in 
Alpine regions ; but what would result, if the cold were great enough, 
would be the formation of frozen snow-beds on the higher grounds 
lasting through the heats of summer, and such would be the exact 
counterparts of those patches of ice, many square acres in extent, 
that are to be seen at the present day on the wide level plateaux of 
the Chang Chingmo in Thibet — that is to say, solid ice not more than 
20 feet thick, with a flat but much broken surface and with a wall-like 
margin in most places. These 1 noticed lasted until the winter snows 
began again, and in very warm summers they may almost entirely 
disappear. A very slight lowering of the annual temperature would 
soon cause these thin ice-sheets to thicken and extend on all sides. 
Such, I conceive, was very much the state of all our high 
grounds in the south of England at the time of the Drift deposits, 
when in parts of Scotland, the north of England, and Wales glaciers 
of considerable size existed and erratics were carried south. Such 
snow and such frozen snow-beds would have quite a sufficient force 
to act on the surface of the country, wearing it down to the even 
beautiful curves it now presents, and distributing the waste over 
the adjacent lower lands. In summer the streams would have been 
in a state of extreme flood, transporting much larger material than now 
down their courses, and distributing it further from its source. 
Supposing the existence of any sort of obstruction in the gorge of 
the Wey, it might be by ice or by change of level, drift or detritus 
from the Chalk would thus extend into the Pease Marsh and Tilling- 
bourne. Mole, &c. On the north face of the downs these conditions 
may have been combined with the proximity of an arm of the sea 
and coast-ice, as put forward by Mr. God win- Austen The ques- 

tion of relative age, as compared with similar deposits elsewhere 
in the south of England, such as the former sea-bcaches of Brighton 
and Folkestone, and the valley-gravels of Chichester and the Medway, 
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and even beyond our area on tbe Prench coast, is one that would 
make this communication far too long ; I have neither the experience 
nor the knowledge to treat of such a subject in the manner it deserves. 
There are, however, many geologists capable of taking it up, and 
whoso subject it is, and to them I must leave it. 

In conclusion, I take this opportunity of acknowledging the very 
great assistance I have received from James H. Mangles, Esq., re- 
presenting the Hoard of Directors, and the South-Western Kailway 
Staff. Particularly I am indebted to the Contractors’ Engineer of 
the new lino; — Wills, Esq., wlio placed all the working-])lans in his 
office at my disposal. I recall with pleasure the attention I received 
from all the overseers, gangemen, and labourers with whom I came 
in contact during many hours spent uj)on the Sections they were 
opening up. 

Discussion. 

Prof. PRESTWicn said that a similar railway -section north-west of 
Guildford exhibited no Drift, hence the peculiar interest of this 
section. Ho referred to Mr. Godwin-Austen’s paj)cr on Pease Marsh, 
and remarked that results therein arrived at were strikingly con- 
firmed by those obtained by tlu‘ study of the new cutting. The 
height above the river showed that the liigb -level gravels resemble 
those of the Bagshot district, which have no relation to any present 
drainage, although gravels at lower levels tiro so related. He was 
not aware that any gravels at this level had before boon recorded 
at Guildford. 

Mr. TorLEY said that the correlation of the liigher gravels with 
those of Tillingbourne was satisfactory, as this rendered the intro- 
duction of Post-tej*tiary faults unnecessary. 

Colonel Godwin-Austen, in reply, said that there was no proof 
of faults in the Tillingbourne valley having disturbed Post^tortiary 
gravels. The lower-level gravels of Pease Marsh could bo traced 
throughout at the same general level. Those higher up the valley 
about Gomshall might possibly correspond to the higher-level gravels 
and sands at Guildford. 


Q.J.G.S. No. 160. 
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42. On some Remains of Fossil Fishes from the Yoked ale Series 
at Letbxtrn in Wensletdale. By James W. Davis, Esq., 
F.G.S., &c. (Read December 19, 1883.) 


[Plates XXVI. & XXVn.] 


Ie Yorkshire the fossil remains of fishes in Carboniferous strata other 
than those of the Coal-measures are comparatively rare. Some species 
have been found in the Millstone-grit series, notably in a calcareous 
bed of sandstone at Hebden Bridge, near Halifax. Immediately 
below the Millstone Grit in Wensleydalo there are a number of 
alternating beds of limestone, shale, and sandstone, about 1000 feet 
in thickness, to which Prof. Phillips applied the term Yoredale 
Series.” In the u])pormosi bed of these rocks, namely the Crow 
Limestone, a number of fish-remains have been discovered, and in 
the ncAt limestone, about 60 feet lower in the scries, a most 
important stratum has been found, which contains an immense 
assembhige of the remains of fossil fishes of extremely varied 
and, in some instances, extraordinary types. The limestone was 
named by Prof. Phillips the “ Main Limestone,” and is locally known 
by the term Red Beds,” derived from the reddish colour of the 
limestone. It has a crystalline texture and jjresents a coarse and 
rough appearance. It has been worked at the Harmby limestone- 
quarry near the railway-station at l^cyburn, and it is from this 
quarry that the greatest number of fossils have been obtained. 
They principally occur on one horizon about 30 feet below the 
original surface of the ground ; and when a fresh exposure of this 
horizon or stratum is made during the operation of quarrying, tho 
fish-remains, consisting for the most part of teeth, and an occasional 
spine, may be seen scattered over the surface in large numbers. 
They are nevertheless extremely difiicult to detach, and fracture 
with the limestone in a most tantalizing manner, so that com- 
paratively few good specimens can be secured. 

I am indebted to Mr. J. A, Rodwell, mining engineer, for the 
following section of the strata in Wensleydalo, taken at the Keld 
Head lead-mines. It wiU show the relative position of the beds 
more clearly than a description in words : — 


o Pi 

H » 
Eh 

Si 


fms. ft. in. 

( Grits 6 0 0 


Plate or shale 1 0 0 

Millstone- grit 6 0 0 

Hasle-grit 10 0 

I Plate and girdles 4 0 0 

Stone plate 1 0 0 

Coal 6 inches to 0 3 6 

( Grits and shales alternately in thin beds 11 0 0 

Crow chert 3 1 6 

Crow limestone (fish-remains) 2 4 6 

Gritstone 6 0 0 

Plate 3 0 0 

Girdles and shale 2 0 0 
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fms. ft. in. 

Main chert or “ Red Reds ” (llsh-remains) (Harmby 


limestone quarry) 7 0 0 

Thin limestone 110 

Shales (Black quarry) 110 

Main or twelve-fathom limestone (Leyburn Scars) 10 3 0 

Grit 5 0 0 

Plate or shale 4 0 0 

Sandstones with coal 0 inches thick in Leyburn Shawl .246 

Plat e 4 4 6 

Underset, t limestone (fish-remains) 2 1 6 

Plate 4 3 0 

Soapy gritstone 3 3 6 

Plate 4 3 0 

^l^hin limestone 1 3 0 

Preston gritstone 6 0 0 

Plate and shales 1 0 0 

Limest one (fossil i(erous) 0 4 0 

Sandstones and shales in alternate beds 10 0 0 

Keld Heads limestone 10 4 0 

Flagstone (Gilbert Sciir) 3 0 0 

Plate 1 ft 0 

Gritstone and shale 8 ft 0 

Gr i t a n d 1 i n i est oi i e 2 1 0 

Plate and slmle 4 0 0 

Ash-bank limestone 7 0 0 

Alternations of shale and sandstone 10 3 0 

Six- I'atl I om limest one 10 1 0 

Shales and liinestcme .. 5 0 0 

Limest one (t hickness not proved, estimated) 15 0 0 

Grit (at West Burton) 4 0 0 

Limestone, thickness not known. 


The fish-remulris from the Crow and Undersott limestones are 
rare both in numbers and species ; nearly all those described in 
this paper have been obtained from the u])])or beds of the main 
limestone or “ lied Beds.” I wish to express my obligation to 
Mr. William Horne, of Leybnrn, for his kindness in placing his 
large collection, the result of many years of well-directed energy 
and persistent labour, at my disposal. Nearly all the specimens 
described or figured are from his cabinet. 

It is pro])osed very hrieily to draw attention to one or two 
features in the character of the Yoredale series of rocks, and to 
some peculiarities of the fish- fauna contained in them, and then 
to give a detailed account of the genera and species which have 
been determined. 

The thick-lxKlded massive limestone which occupies the surface 
of the county in the northern parts of Craven, attains a thickness 
varying between 600 and 1000 feet. The upper part of this 
great mass a little further north becomes intercalated with beds 
of shale, and the latter in its progress still further northward 
becomes of increasing thickness and importance, and in addi- 
tion strata of sandstone and grit also make their appearance. 
In the same localities the limestone holds a proportionately less 
important position, diminishing in thickness as the shales and 
sandstones increase. In Wensleydale the variety of alternations 

2t2 
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reaches its maximum, and in the upper beds there arc one or two 
thin seams of coal. 

The inference to be drawn from these facts appears to be, that, 
during the period when the tliick Mountain Limestone was in process 
of formation in the southern area, water constantly occupied the 
space, and whilst the ground was lowering and the limestone 
increasing in thickness in a more or less gradual and regular 
manner, a very much more complicated scries of changes was taking 
place in the district to the northward. Tlie alternations of 
Hmestono, shale, and sandstone, indicate repeated changes in the 
level of the land. At: one time the wmter was deep enough for the 
existence of the animal forms of life which originated the limestone ; 
at others, tlie mud, brought from some adjacent land, formed 
accumulations represented by the shales, probably in water shallower 
than during the formation of limestone. The sandstones point to 
extensive shore-d(‘i)osits and the immediate proximity of land, 
whilst the coal-seams are the result of the decomposition of 
plants which grew on the land, the disintegration of which 
Bup])lied the materials for the accumulated deposits of shale and 
sandstones. 

The fish-fauna preserved in these strata prcisents some peculiarities 
which distinguish it from that of the thick-bedded ^Mountain Lime- 
stone below, as wcdl as from tlnit of the Coal-measures above. The 
remains of large ])redaceous fishes common in ihe Lower Limestone, 
such as Cienacanthus majot\ Phoderdcanthus, and the lai'ge species of 
Orodus, are absent ; on the other hand, the similarly largo represen- 
tatives of the Coal-measures, such as Gt/racanfhifs and Ctenewanthus 
Jiyhodoldcs, are also absent from the lied Beds of Wensleydale. Several 
genera found in these beds arc, however, common to the Mountain 
Limestone, such as Fdalodds, Lopltodns, and Cladodus : but they are 
for the most i)art of difTercnt species. Polyrhizodits, Pmmmodus, 
Copodus^ and Pwcilodns, typical forms in the Mountain Limestone, 
{ire also represented ; but the specimens hitherto discovered have been 
comparatively small, and they appear to be almost, or quite, the last 
representatives of their resjiective genera just on the point of extinc- 
tion. Their remains do not occur, so far as present evidence exists, 
higher in the series. The Coal-measure genus Plcurodus appears 
for the first time in Yorkshire strata in the Eed Beds ; and the 
Ganoid fish MeycdicJithys appears to be represented by a small 
jaw found in the limestone of Wensleydale, probably its first 
appearance. In addition there arc numerous genera which, so far 
as at present known, are peculiar to these beds, and which do not 
possess any distinctive character in common with those either of the 
Limestone or the Coal-measures. 

All these circumstances taken together appear to indicate that 
the fauna characteristic of the older limestones was gradually 
becoming extinct ; that some species, only previously found in the 
Coal-measures, already existed during the deposition of the Yoredale 
rocks ; and that there was also a considerable number of new forms 
which now appear for the first time, and, so far as present observa- 
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tion has shown, do not seem to have survived during the deposition 
of the Millstone Grit or the Coal-measures. 

Genus Cladacanthus, Agassiz. 

Cladacanifms^ Agassiz, Rech. sur les Poiss. Foss. vol. iii. p. 176 
(1833). 

Erismacanthiis, McCoy, Ann. & Mag. Xat. Hist. 2nd ser. vol. ii. 
p. 119 (1848). 

Cladacantuus PAEAuoxrs, Agass. : Davis, Trans. Jtoy. Dubl. Soc. 
n. s. vol. i. p. 305 (1882). (Plato XXYI. figs. 1-5.) 

The examples of this species from the limestone near Leyhurn 
are only about half the size of tliose from Armagh in the Enniskillen 
collection, but in othcT rcsj)ect8 they corrcvspond essentially with the 
description given of tlie species in the Trans. Hoy. Dublin Society 
referred to above. 

Cladantuthtts p((r(ido:vus, has hitherto been found 

only in the Annagh limoston(‘, l>y its discovery in the lied Peds of 
Wensleydale, has an extended range in locality, and also, what is 
perhaps of greater importance, an extension in the vertical series of 
strata from the lower massive limestones to the up])ermost beds of 
the Yorc^dale series of Phillips, rc'presenting a long period of time. 
So far as observation has been made, however, CladdccmtJius appears 
to be confined to the Mountain-! Am estone series, and does not seem 
to have survived the advent of the p)oriod during which the Mill- 
stone Grit was being deposited. 

In the description of this species by Prof. McCoy *, the posterior 
or shorter arm of the^'spine is stated to have a double row of pos- 
terior denticles. In examples from Leyhurn, it is clearly demon- 
strated that there is only one row, which occupies a median position 
along the compressed posterior margin of the spine. The denticles 
are large, com])ressed laterally, and their apices point towards the base 
of the spine. Tlie opposite anterior margin is formed into a broad 
and thick keel, more prominent than in the specimens from Armagh. 

Messrs. 8t. John and Worthen descrilie a species very similar to, 
if not identical with, tho one described above, as ErismacantTius 
McCoy anus (Palacont. of Illinois, vol. vi. p. 461, pi. xxii. fig. 1-5). 
“ It is chiefiy distinguished by the more restricted posterior exten- 
sion of the tuberculose surface, and the less numerous costm, which 
reach to an obli(iue line descending from the angle of divarication.” 

Genus Putsonemus, Agass. 

Physonemus, Agassiz, Rech. sur les Poiss. Foss. vol. iii. p. 176 
(1833); McCoy, lirit. Palaeoz. Foss. p. 038 (1855). 

Physonemus hamatus, Agass. : Davis, I, c. p. 370, pi. xlvii. fig. 9 
(1882). (Plate XXYl. fig. 6.) 

Onchus hamaius, Agass. Kech. Poiss. Foss. vol. iii. p. 9, pi. i. 

Spine marked by its acutely rounded curvature. Greatest breadth 

♦ Loc. cit. sub nomine Erismacanthns Jbnesii. 
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0*7 incli at the median portion, from which the spine tapers 
rapidly anteriorly to an acutely pointed apex ; in the opposite direc- 
tion the basal portion decreases in diameter with a somewhat 
pointed termination. This specimen does not indicate what length 
of the basal portion was open ; but a second one, which is in great 
part fractured and exhibits a longitudinal section of the spine, 
appears to show that the basal portion imbedded in the body of the 
fish had an open cavity for about an inch from the basal end on the 
outer margin. The walls of the spine were thin, and in the 
specimens are crushed ; they have a large internal cavity, which 
extends to the apex of the spine. The surface exhibits traces of 
striae ; and a number of tubercles, apparently without definite 
arrangement, are scattered over the upper part of the spine. Ich- 
thyolitcs, apparently of the same species as this one, obtained 
from the Mountain Limestone of Lristol, were regarded by Prof. 
Agassiz as s})iij(is of the genus Onchva. The spines, however, are 
so divergeiit from the characters of that genus, that there can be no 
hesitation about removing the species and jdacing it with others 
in the genus PJnjsoncmns. 

This species differs considerably from the type species of the 
genus, viz. Physonemns (tvhteres^ Agass., and P. arcuatus, McCoy. 
The former consists only of a fragment of a si)ine from the lime- 
stone of Armagh, which is a very doubtful example of the genus. 
The lattf^r, also from the Armagh limestone, was described by Prof. 
McCoy (Prit. Pala'oz. .Foss. 'p. (>^18, pi. 81. fig. 20). It is much 
larger, less arclual, regularly tuberculal ed on the surl'aco, and has a 
double row of denticles on the posterior concave margin of the spine, 
each particular distinguishing it from the species now described. 

Messrs. 8t. John and Worthen describe several species of this 
genus from the Kinderhook limestone (I^iheontolog}^ of Illinois, 
voL vi. p. 451, pi. xviii. figs. 3, 2). The specimens are for the 
most part fragmentary, and have been much abraded; they are 
consequently somewhat difficult to determine. Pliyfionehms^ procUvus, 
St. J. and \V., approaches nearer than any other form to the one 
here described. It is not, however, nearly so much curved, and, in 
proportion to its size, appears to have been thicker and more robust. 
The anterior apex is shorter and less acuminate. The same remarks 
apply with greater force to Physonemvs jHtrvfdus, 8t. J. & W., from 
the fish-bed horizon of the Keokuk limestone (op. cit. p. 458, 
pi. xviii. figs. 11, 12). 

Genus GoMPiiACANTirus, Davis, g. n. 

Spine broad at the base, rapidly contracting in width towards 
the apex, which is pointed. Transverse section more or less circular. 
Internal cavity probably terminal, without posterior sulcus. Surface 
uniformly striated. 

Gomphacanthus acutijs, Davis, sp. n. (Plate XXYI. fig. 9.) 

Spine small, 1*25 inch in length, greatest width at base *25 
of an inch ; imperfect, tapers rapidly upwards to the point ; upper 
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portion of spine circular in transverse section; nearer the base 
the walls are thin, and the section is laterally compressed. The 
surface is uniformly but minutely striated. 

Genus Cladobus, Agass. 

Cladodus, Agassiz, Eeoh. sur les Poiss. Poss. vol. iii. p. 196 
(1833) ; McCoy, Prit. Palacoz. Foss. p. 619 (1855). 

Cladobus muceonatus, Davis, Trans. Eoy. Dubl. Soc. n. s. vol. i. 
p. 380, pi. xlix. fig. 21 (1882). (Plate XXVll. fig. 10.) 

Numerous teeth of this species, for the most part considerably 
smaller than the specimen described as above, occur in the limestone 
near Leyburn. As may naturally be expected, they offer con- 
siderable diversity of form. A specimen 0*5 inch in breadth across 
the base has a median cone wider at the base and shorter; it is 
somewhat widely expanded midway towards the apex as compared 
with the type. The lateral extensions of the base are deeply 
channelled vertically and highly polished on the surface. The base 
is considerably more rectangular than in the type. The cones arc 
quite smooth. The divergence of this specimen is marked and it may 
possibly have belonged to another species ; but for the present, and 
until more distinctly confirmaf-ory evidence shall bo obtained, it 
appears advisable to place it with Clddodm mucronatus. 

In a third specimen, of about the same breadth as the last, the 
median cone is longer than usual, it is smooth with a deep and wide 
sulcus at the base, extending upwards more than half the length 
of the cone ; antero-posteriorly the cone is somewhat depressed, and 
the surface at each side thins out, so as to form a j)ointed keel. 
The keel descends to the basal portion, and is continued along the 
base and joins a similar projection from the sides of the secondary 
cones. Of the latter there arc two on each side ; they are large, 
acuminate, and partake generally of tho character of the central 
one. 

Clabobtjs Hobnet, Davis, Trans. Iloy. Dubl. Soc. n. s. vol. i. p. 380, 
pi. xlix. fig. 20 (1882). (Plate XXVll. fig. 11.) 

Cladodus Hornet is readily distinguished from its nearest ally, 
Clcidodus eloncjatiis, Davis, by the absence of secondary cones. C. 
elonr/atus, which is found on the Mountain Limestone at Settle, many 
hundreds of feet lower in the scries, is larger, and between the 
central cone and the two extreme lateral ones is possessed of several 
small intermediate denticles. The same diflPerenco also serves to 
distinguish this species from C, striatus, Agass., and in addition its 
central and lateral cones arc proportionately very much longer and 
more attenuated. 

Clabobtjs steiattjs, Agassiz. 

This species appears to be somewhat doubtfully represented in 
the limestone of Wensleydale. It occurs in considerable abundance in 
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the lower massive limestone of Ireland, Derbyshire, in Northumber- 
land, and near Kendal ; it has also been found in the Lower-lime- 
stone series of the west of Scotland. Specimens are usually found 
about 1 inch to 1*23 inch in breadth across the base, and with the 
central cusp about half an inch in height. The examples which 
have been found near Leyburn are not more than half the size of 
the above. The central cones are more or less striated, and the 
small lateral cones arc numerous and arranged somewhat in clusters 
as in the typo specimens ; they appear to indicate that this species, 
which must have been a formidable and destructive fish during the 
period occupied in the formation of the lower strata of the Mountain- 
limestone scries, w’as generally becoming much less so, and the 
circumstances point to the inference that the species was gradually 
approaching extinction. 

(Jeiius Hemicladodus, Davis, g. n. 

Tooth or jaw consisling of several rows of minute teeth. The 
latter are broad at the base, rapidly acuminate and ending in a 
pointed apex ; the several bases ai)paicntly anchylosed. 

Hemicladodtjs iJxicusriDATus, Davis, sp. n. (Plate XXYIl. figs. 24, 
24 a.) 

Teeth. Apparently a portion of a jaw containing three rows of 
teeth placed one behind the other. There are six or seven teeth in 
each row ; those behind are placed in a])])osition to those in the front 
row. The teeth in each row arc attaclied laterally and present the 
appearance of being anchylosed together. They are slightly less 
than 0*1 inch in breadth at their base, short, triangular in out- 
line, and pointed at the apex. Tlie points are worn, in some cases 
considerably; they are coated with enamel, which exhibits traces of 
minute punctures. The bases of the several teeth assume an even, 
very slightly concave form. 

This series of teeth approaches more nearly to those of the genus 
Cladodus than any other in the pointed form of their apices, but 
they diverge in not possessing lateral denticles, which the teeth of 
Cladodus do, and in the character of the bases of the teeth, which 
are never joined so closely together in Cladodus as they are in 
this genus. 

Reed collection, York Museum. 

Genus Peisticladodus, McCoy, British Palaeozoic Possils, p. 642 

(1854). 

Peisticladodus dextatus, McCoy, I ,c. p. 642, pi. 3 g. fig. 2 (1854). 

(Plate XXVII. fig. 4.) 

Several specimens of this species have been discovered in Wens- 
leydale. The most perfect specimens afford no indication that 
lateral denticles have been present. The size of mature examples 
reaches nearly one inch and a half in breadth across the base, and 
three quarters of an inch in height. The teeth appear to be all 
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more or less curved or bent over towards one side, a feature which 
may be seen in the example figured. The base is strong and fibrous, 
and extends backwards from the crown in a horizontal position. 
It possesses very similar characters to the base of the teeth of 
Cladodus, and has probably been attached to a cartilaginous jaw, 
in the same manner as the teeth in that genus were. 

Pristicladodus coxcinnits, Davis, Trans. Hoy. Dubl. 8oc. n. s. vol, i. 
p. 385, pi. xlix. fig. 23 (1882). (Plate XXVI. fig. 15.) 

This species is very rare. It is easily distinguished from F. den- 
tatus, McCoy, by the acutely ])rolonged upper extremity of the crown, 
by the lateral denticulations, which are aciiminatfi and small 
compared with the semiglobose and rounded denliculations of 
P, dentatus. 

Genus GLYruAxonus, Davis, Trans. Hoy. Dubl. Soc. 
n. s. vol. i. p. 386 (1882). 

The teeth referred to this genus are extremely thin and slender, 
and possess characters which appear to indicate an intermediate 
form between the Cladodonts on tlie one hand and the Petalodonts 
on the other. Hy the a(!uminate apex of the crown and its sharp 
cutting-edg(i they are closely related to the former ; wdiilst the root is 
devoid of the broadly expanded, more or less horizontally extended, 
base of the Cladodonts, and descends vertically, to an equal depth, 
in many cases, to the lieight of the crown, and in this respect 
they approach the Petalodonts. 

Glyphaxodus texitts, Davis, ?. c, p. 386, pi. xlix. figs. 21, 25 (1882).' 
(Plate XXVII. fig. 8.) 

The base extends downwards from the crown, varying in depth, 
generally equalling or exceeding the height of the crown. It is 
thin and laterally coextensive with the base of the crown. 

The several teeth referred to this species vary slightly in form, 
whilst agreeing in the principal characteristics. Examples are 
occasionally met with in which the postcTior surface is not only 
laterally concave, but they are vertically concave, the a]>ex of the 
crown having a decided flexure backwai’ds. The majority of the 
teeth are straight between the base and the summit of the crown ; 
the latter is freciuently much reduced by attrition, the sharp point 
giving place to a more or less rounded margin. 

Genus Petalodopsis, Davis, Trans. Hoy. Dubl. Soc. 
n. s. vol. i. j). 438 (1 882). 

The genus Petalodopsis, as its name indicates, bears a close rela- 
tionship to Petalodus; but whilst in its general characters it 
nearly approximates to that genus, it exhibits striking divergences in 
several minor points. The cutting-edge of the crown is deeply 
divided into three large and pointed denticles, the centre one being 
the most prominent and rendering the outline more or less tri- 
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angular. The triangular form is similar to that occurring in the 
genus Ghjphanodus, excepting its tripartite division. The tooth 
differs also in the semicircular form of its transverse section from 
that of Ghjphanodus^ which is straight or nearly so. The crown of 
the tooth in Petalodopsis hears some resemblance to that of Pristodus^ 
but only a superficial one ; it is distinguished from the latter by 
the absence of the horizontal palate, the imbricating folds of the 
surface at the junction of the crown with the base, the small number 
of denticles and the shortness of the root. The teeth of Pristodus 
form each a complete palate, whilst those of the genus now under 
consideration require the combination of several teeth for the same 
purpose. 

Petalodopsis tkipautitus, Davis, J. c. p. 499, pi. lx. figs. 6, 6 a 
(1882). (Plate XXVI. fig. 10.) 

Genus roLTRHizoDrs, McCoy, Ann. & Mag. Nat. Hist, 
ser. 2, vol. ii. p. 125 (1848). 

PoLYRnizoDUs Colei, Davis, I, c. pi. lx. figs. 9, 10 (1882). (Plate 
XXVII. fig. 13.) 

Tooth. Small in comparison with the typo specimen from Armagh ; 
it is 0*0 inch from the crest of the crown to the tij) of the root, 
and 0*8 inch across the crown. The anterior surface is exposed. 
The crown forms an angle of 45° with the vertical axis of the 
tooth, is oval in outline with decumbent lateral prolongations, 
bounded by the cutting-edge and the anterior ridge ; the latter is 
prominent and smooth, without transverse folds. The surface from 
the transverse anterior ridge to the base of the radicles forms a right 
angle with the surface of the crown, and is about equal in extent. 
The surface of the crown is slightly worn, and has a punctate 
appearance not well defined. The root is divided into five rootlets, 
less than one third the total height of the tooth-rootlets, very 
unequal in size, second and third being aj)parently double, formed 
by the anchylosing of two rootlets ; from the base the rootlets 
extend prominently forward ; they are semiglobose, with rounded 
terminations, and apparently about the same diameter laterally as 
antero-postcriorly ; surface cojirsely punctate. 

The teeth of tliis species more closely resemble those of P. Colei^ 
from Armagh in Ireland, than any others. The principal diffe- 
rences lie in the diminished size of the crown, the great depth 
from the anterior ridge to the denticles, and the shortness of the 
rootlets as well as their smaller number. So far as can be ascer- 
tained, the specimen from Leybum is mature ; it appears to have 
been considerably worn by attrition, and, if so, it probably belonged to 
a much smaller specimen of the fish than the great teeth of Armagh 
represent ; and it seems probable that it may indicate that the 
genus which flourished and attained its greatest size during the 
period when the Lower Carboniferous Limestone was formed was 
gradually becomiijig extinct. The thin upper limestones of Wensley- 
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dale are the highest beds in which it has been recorded. In the 
more recent members of the Carboniferous series it appears to be 
quite extinct. 

Genus Pribtodus, Agass. MSS. ; Davis, Trans. Eoy. Dubl. Soc. 
n. s. vol. i. p. 519 (1882). 

Pristodtjs falcattjs, Ag. ; Davis, ?. c. p. 519, id. Ixi. figs. 17-22. 
(Plate XXVI. figs. 19, 20.) 

Genus Coromis, Agass. MSS. ; Davis, Trans. Iloy. Dubl. Soc. 
n. 8. vol. i. p. 464 (1882). 

CopODirs coRNUTirs, Agass. : Davis, 1. c. p. 464, pi. Iviii. figs. l-H. 
(Plato XXYII. fig. 22.) 

Psammodus cot'nutus, Agass. Poiss. Poss. vol. iii. p. 174 (1838). 

Teeth. Subquadratc, anterior margin more or less circular, lateral 
ones nearly straight and diverging posteriorly. Posterior margin 
concave. Postoro-lateral angles produced beyond the tooth and 
forming horn-like processes. Crown slightly convex where unworn, 
but central portion deeply concave, and considerably worn by 
attrition towards the anterior extremity. A slight depression 
extends inside each lateral margin, which is slightly elevated. 
Surface enamelled, closely covered with minute punctures. Base : 
surface roughly striated longitudinally, slightly concave, thickest 
in the centre and thinning ofi‘ towards each side ; posteriorly, it 
extends beyond the surface of the crown, apparently to afibrd sup- 
port to the anterior portion of a succeeding tooth. 

This species is extremely rare in the limestones at Leyburn. 

Genus Ctenopetaltjs, Agass. M88. ; Davis, Trans. Itoy. Dubl. Soc. 
n. s. vol. i. p. 511 (1882). 

Ctenopetaltts crexatus, Davis, Z. c. p. 513, pi. Ixi. fig. 9. (Plato 
XXYII. fig. 18.) 

This species is readily distinguished from C. serratus, Ag., from 
the Armagh limestone, by its more graceful form and generally 
more fragile appearance. The serrations or small denticles forming 
the apex of the crown are smooth and rounded, whilst those of 
Ctenopetalus serratas are subdivided into still smaller serrations. 
The plications or folds of ganoino forming the anterior base of the 
crown are in greater number, and they form an acute angle, 
pointing towards the base in the species now described, whilst in 
C. serratus the base of the crown is more or less curved. 

Genus Diclitodus, Davis, Trans. Eoy. Dubl. Soc. n. s. 
vol. i. p. 410 (1882). 

Diclitodus scitulus, Davis, Z. c. vol. i. p. 410, pi. li. fig. 29 
(1882). (Plate XXYII. fig. 12.) 

This species resembles Orodm to some extent in structure, but its 
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peoi^iar form clearly separates it from any other species hitherto 
described. 

Genus Pleituodus, Agass. ; Davis, Trans. Roy. Dubl. Soc. n. s. vol. i. 

p. 458 (1882). 

Pletjeodus Woodi, Davis, I, c. p. 458, pi. lix. figs. 12-15 (1882). 
(Plato XXVII. figs. 14-17.) 

In the British Islands the remains of this genus have previously 
been found only in the Coal-measures. The vertical distribution is now 
extended to the Yoredale beds or the upper beds of the Mountain- 
limestone series. The specimens found near Leyburn are considerably 
smaller than those of Pleurodus affinis, Agass.*, from the Coal- 
measures. The latter are frequently three quarters of an inch in 
length and, compared with P. Woodi, are much longer in proportion 
to their width. The surface of the limestone species is evenly 
traversed by well-marked bilateral ridges extending from the central 
one towards each lateral extremity. In P. affinis, the surface is 
often beautifully reticulated, and the connexion, if any, between the 
median ridge and the lateral projections of the margin is very slight. 

The arrangement of the teeth, and even the form of the body, of 
P. Panhinii, Ag., have been indicated from fairly good specimens t 
by Messrs. Hancock and Atthey, and corroborative evidence given by 
myself with regard to P, from which it has been found that 

the body of the fish was very deep in proportion to the length, that a 
broad spine extended from the body in front of the dorsal fin, 
immediately behind the occipital region of the head, and that the 
body was covered with shagreen. The skeleton appears to have been 
entirely cartilaginous. The gape of the mouth was comparatively 
wide, and the teeth arranged in a single row on each ramus of the 
jaws, probably about twelve in number. 

The teeth now described are very rarely met with, only about half 
a dozen specimens having been discovered ; and hitherto no example 
of the spine of this genus has been found. 

Genus Pexalodub, Owen, Odontography, p. 61 ; 

Davis, Trans. Roy. Dubl. Soc. n. s. vol. i. p. 49k 

Petalodijs acuminates, Agass. (Plate XXVI. figs. 10, 10 a.) 

Ghomatodus acurninatus, Agass. Poiss. Poss. vol. iii. p. 108, pi. Ixix. 
figs. 11-13 (1833), and Poiss. Foss. vol. iii. pp. 174 and 384 (1840) ; 
Davis, I, c. p. 494, pi. lix. figs. 22-24. 

The specimens from the Yoredale Rocks of Leyburn differ in several 
important particulars from the type specimens described in the 
works cited above. The lower margin of the anterior surface of 
the crown is circular, and projects rather boldly forward ; the lateral 

* Quart. Journ. Gcol. Soc. vol. xxxv. p. 181, plate x. figs. 1-11. 

t See Hancock and Atthey, Nat. Hist. Trans, of Northumberland and Dur- 
ham, vol. iv. part ii. p. 408. And James W. Davis, Quart. Joum. G«ol. Soc. 
1879, vol. XXXV. p. 181, pi. X. figs. 1-11. 
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portions of the crown are deeply arched downward. The apex of the 
coronal cutting-edge is quite acuminate, much more so than in the 
specimen from Derbyshire figured by Prof. McCoy. Posteriorly the 
crown is very deep, being quite double the anterior face in extent ; 
the largest portion of the posterior coronal surface is occupied by 
a number of broadly expanded imbricating folds of the ganoine 
surface, eight to ten in number. The root is thick, openly porous in 
structure, and, compared with the crown, the root is much con- 
tracted in breadth, 

Whilst the teeth from the Upper Limestones near Leybum differ 
in so many respects from those of the Lower Limestones of Derbyshire 
and other localities, they possess many characters in common, and 
for the present will be considered as being somewhat modified forms 
of the same species, rather than as representing a separate one. 

Genus Chomatodtts, Agassiz, Poiss. Foss. vol. hi. p. 108 (1833) ; 
Worthen, Geol, Survey of Illinois, vol. ii. p. 31 (1866) ; Davis, 
Trans. Koy. Dubl. Soc. ii. s. vol. i. p. 507 (1882). 

Chomatodtis lamelliformis, Davis, sp. n. (Plato XXVII. fig. 23.) 

Teethe Broad in proportion to the height, straight transversely, 
breadth 2 inches, slightly imperfect at one end. Depth of anterior 
face of crown 0*25 inch ; depth of base equal to that of the crown. 
Crown thin, cutting-edge acuminate, with a very slight sigmoidal 
curvature ; where not too much worn the cutting-edge is crenulated ; 
it is raised in the centre, and gradually tapers with a circular outline 
to each lateral extremity. Anterior surface of the crown concave, 
bounded by a ridge extending in a straight lino across the tooth. 
Ridge prominent, formed by four imbricating folds of the surface. 
Posterior surface near the cutting-edge convex, corresponding to the 
concavity of the anterior surface ; lower, towards the base, it is 
concave. Whole surface considerably worn. Base short, thin, equal 
in breadth to the crown. 

This species diflfers very much from those previously described 
from the massive Lower Mountain Limestone of Britain, such as (7. 
linearis^ Agass., and C, acuim^ Davis, both of which have been found 
in the limestone near Armagh, and the former also at Bristol and 
.Richmond. Chomatodus Imcarts, Ag., is a broad tooth in compa- 
rison to its height, and does not possess the knife-like cutting-edge 
of (7. acutus or C, lamelliformis^ Davis. From C, acutus, Davis, 
the present species may be readily distinguished by its great breadth, 
the concavo-convex arrangement of its antcro-posterior surfaces, as 
compared with the doubly concave surfaces of C. acutus^ its serrated 
cutting-edge, and the greater prominence of the imbricating ridges. 

Genus Pcecilodus, Agass. MSS. 

Davis, Trans. Roy. Dubl. Soc. n. s. vol. i. p. 441 (1882). 

PcECiLonus coRRTJGATUs, Davis, Z. c. p. 444, pi. liii. fig. 25 (1882). 

(Plate XXYII. fig. 21.) 
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This differs from the anterior tooth of P. Jonesiiy Ag., in having 
the surface raised only into four folds; the latter has eight. It 
has also a much flatter and more even surface. 


Genus Sakdalodus, Kewberry and Worthen, 

Geol. Surv. Illinois, vol. ii. p. 102 (18G6) ; Davis, Trans. Eoy. 

Dubl. Soc. n. s. vol. i. p. 436 (1882). 

Sandalodtts minor, Davis, sp. n. (Plate XXYI. fig. 17.) 

Teeth. The specimen apparently consists of two teeth in natural 
position. Anterior tooth 0*6 inch in length and 0*25 inch across 
It is widest posteriorly, gradually narrowing towards the an- 
terior extremity to form an obtusely pointed angle. External 
margin convex ; internal one sliglitly concave. The posterior 
margin is thin, with a circular outline, and overlaps a second tooth, 
which extends 0*2 inch backwards, and is quite as wide as the 
anterior one. The surface of each tooth is longitudinally and 
transversely convex, with an abrupt depi’cssion on the inner margin ; 
anteriorly it is somewhat convoluted after the manner of the less 
inrolled Cochliodonts. The surface is deeply jmnetate, the pittings 
])rc8entiug a slightly quineuncial arrangement. The base is 
hidden in the matrix. 

This tooth, though small, possesses all the characters of Sanda- 
lodus, a genus instituted by Messrs. Isewberry and Worthen in 1866. 
A species of large size has been added to the genus from the 
Mountain Limestone of Oreton, in Shropshire, viz. JS. Morrisii^ 
Davis (Trans. Itoy. Dubl, 8oc. n. s. vol. i. p. 437, pi. liv. figs. 1-6). 
The specimen described above is not so (l(K‘ply convoluted as those 
of the larger species, and its apparent division into two parts is 
peculiar. 


Genus Lornonus, Eowanowsky, 

Dull. d. 1. Hoc. Imperialc des Naturalistes do Moscou, p. 160 (1864) ; 
Davis, Trans. Eoy. Dubl. Hoc. n. s. vol. i. p. 403 (1882). 

Lornonus reticulatub, Davis, 1. c. p. 407, pi. li. fig. 22 (1882). 
(Plate XXYII. fig. 2.) 

This species is found more frequently than any other in the beds 
of limestone near Leyburn, and offers considerable variation from 
the type. In some examples, the arrangement of the coronal 
prominences is modified so that all the cones are on one side of 
the principal one ; whilst in others there are no distinct pro- 
jections, the cones only being indicated by a slight waviness of the 
superior surface of the crown. The anterior base of the crown 
is occasionally expanded much beyond the extent of an average 
specimen, preserving, however, its reticulate surface-markings. 
The tooth mentioned above as almost devoid of cones is, on the 
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oontr^, mxicli compressed antero-posteriorly. The section in that 
direction is acutely pointed. 

No specimen has hitherto occurred which has exhibited the basal 
portion of the tooth with sufficient clearness for description, but it 
appears to be thin and not very deep. 

Lophodus lmyib, Davis, 1. c. p. 409, pi. li. figs. 26, 27 (1882), 

The specimens from tho Leybuni limestone are similar to those 
obtained lower down in the strati graphical series. The surface is 
covered with deeper punctm, and does not present quite so smooth 
an appearance. In rare instances from two to four or five teeth 
have been found connected ; and a mass of what may be fossilized 
cartilage has been found attached to the base of one such group. 

This species approaches Lop7wdi(s mcmimillaris, Ag., in contour ; 
but is easily distinguished l)y its smaller size, and by the absence of 
tho two small tuberosities, one before and the other behind the basal 
portion of the median cone, which Prof, de Koninck considers 
the distinguishing characteristic of A. mammillaris. Prom Lophodus 
didymus, Ag., it is separated by ihe absence of tho deep notch or 
groove in the apex of the median cone. 

Lopnonxjs seuuatits, Davis, Z. c, p. 408, pi. li. figs. 23, 24 (1882). 
(Plate XXYII. fig. 19.) 

This species is distinguished from Lophodus Imvis by the tuber- 
culated apex of the crown, wdiich also separat/cs it from A. mam- 
millaris. It is also more angular and graceful in appearance than 
L. Icevis, 

Lophodus conicus, Davis, sp. n. (Plate XXYI. fig. 18.) 

Teeth, Small, transverse diameter 0*4 inch ; antcro-postorior 
diameter 0*1 inch; height of crown 0*1, and depth of base 0*05 
inch. Crown, central portion rounded, prominent, gibbous, bend- 
ing slightly from tlie centre towards one extremity. luatoral 
extension of the coronal surface in the same direction rapidly de- 
pressed from central cone, rounded antero-posteriorly, and termi- 
nating abruptly. On the opposite side, tho lateral extension of tho 
crown slopes gradually from the summit of the central cone to tho 
base, with which it forms an acute angle. Surface uniformly 
punctate. Base equal in extent with the crown ; composed of a 
considerable number of small rootlets, se])arat/ed by vertical inter- 
stices, extending from the junction with the crown to tho bottom of 
the root, where the whole of the rootlets are connected together by a 
lateral extension of their substance. 

The crown in this species bears some resemblance to that of Lo- 
phodus Icevissimus^ Ag., except that it is narrower from back to front, 
and that its subcentral cone is more prominent, and is bent over to one 
side considerably more than any of tho specimens hitherto observed, 
belonging to that species. The great difference which distinguishes 
it from all other British species hitherto described, the peculiar 
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form of the root, in some measure appears to make it a connecting 
link between Lophodiis and Polyrhizodm. It presents the ap- 
pearance of a flat plate, from which rise a number of small columns 
supporting the crown. The small columns being connected at their 
extremities distinguish it from Polyrhizodus. 

This species in form seems to approach Helodus (?) gihhoms, 
N. and W., from the Keokuk limestone of Illinois (Palaeontology 
of Illinois, vol. ii. p. 79, pi. v. fig. 3). It may be distinguished, 
however, by the absence of the conspicuous conical gibbosity pro- 
truding on one side opposite the highest point, which characterizes 
the American species ; the latter has also a much deeper base, which, 
though coarse and porous, does not present the peculiar columnar 
appearance seen in L, conicus, 

Lophodus bifuecatus, Davis, 7. c. p. 408, pi. li. fig. 25 (1882). 

(Plate XXVII. figs. 5, 5 a.) 

Lophodtts angulakis, Davis, sp. n. (Plate XXYII. fig. 25.) 

Teeth, Subpyramidal in outline ; diameter across the base 0*8 
inch ; height of crown from base-line 0*45 inch. Crown 0’2 inch 
wide antero-posteriorly ; central portion forming an acutely pointed 
triangular apex ; the major portion equally and rapidly depressed 
on each side, but towards the lateral extremities extending almost 
horizontally, and ending in an obtusely angular point. Prom 
the apex an acutely angular projection of the coronal surface forms 
a Carina, situated slightly anteriorly to the median line ; anterior 
and posterior margins prominent, slightly rounded, and more or 
less corrugated, especially towards the extremities. The corru- 
gations occasionally extend upwards towards the submedian carina, 
those on the posterior surface being inclined diagonally between 
the base and the apex. Surface smooth and polished, with minute 
pittings. Base apparently small, mostly hidden in the matrix, 
but, like the tooth, deeply concave. 

The characters pertaining to this tooth distinguish it readily from 
all the hitherto described species of Lopliodus, 

Genus DELTOPiTcmus, Agass. MSS. ; 

Davis, Trans. Eoy. Dubl. Soc. n. s. vol. i. p. 432 (1882). 

DELTOPTYcniFs PLiCATUs, Davis, sp. n. (Plate XXYI. figs. 13, 14.) 

Teeth, Of upper jaw (Plate XXYI. fig. 14) subtriangular in out- 
line; convoluted, expanding radially from the inside of the jaw 
outwards ; greatest diameter 0’8 inch. Surface raised in central 
part, forming a large and prominent median ridge, widening as it 
approaches the outer margin of the tooth. Anterior ridge separated 
by a wide sulcus from the central one. It is narrow, but well- 
developed, and marks the point of contact between the teeth on 
each ramus of the jaw. The posterior ridge, coinciding with the 
posterior margin, is most divergent from the central axis of the 
tooth ; it is comparatively small, and separated from the central 
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one by a well-defined, but narrow and somewhat deep concavity. 
The under surface of the tooth is concave, and conforms generally 
in outline to the convex surface of the crown. 

Teeth of lower jaw (Plate XXVI. fig. 13) more or less oblong in 
outline, about the same length as those of the upper jaw, but 
considerably narrower. Surface composed of three ridges as in 
the teeth of the upper jaw ; they are more acute, and separated 
by wider interspaces. The central one is extended obliquely from 
the inner to the outer margin ; it is prominent, rounded, and con- 
siderably worn by attrition, especially midway between the inner 
and outer margins, where the ridge is considerably raised above the 
parts before and behind. The anterior ridge defines the margin of 
the tooth ; it is well-developed and straight. The posterior ridge is 
small, and very obliquely extended, giving to the posterior extremity 
of the tooth a pointed character. The under surface of the tooth is 
concave, and exhibits the characteristic convolution peculiar to the 
group. 

These teeth are distinguished from those of Deltoptifcliius acutKS^ 
Ag., by their smaller si/.c and thinner and more delicate form ; 
they are more regularly oblong and the posterior extremity of the 
tooth of the lower jaw is considerably less pointed than in the type 
species. The teeth of the upper jaw are broader and more expanded 
on the outer margin, and the ridges of the crown are more promi- 
nent. In all these particulars the present s^^ecies differs stiU more 
from Delioptycldm glhberuhis, Agass. 


Genus PsAMMonrs, Agassiz. 

PsAWMODTJs Riiaosus, Agass, Poissons Fossilcs, vol. iii. p. Ill, pi. xii. 
figs. 14-18 ; pi. xix. fig. Jo (1833). 

One or two teeth of this genus have been found ; they are com- 
paratively small. The finest exam^de is slightly less thfin an inch 
in length, and 0*3 inch in breadth. The root is thick and massive. 
The margins of the crown of the tooth along its longer axis ai*e 
prominent and rounded, the central portion hollowed. Coronal 
surface worn, and covered with coarse punctures. 

The teetli of rsrnamodus are much smaller than those found in 
other localities, in the limestone occupying a much lower horizon ; 
and whilst they are similar in every other respect to the larger teeth 
of the Mountain Limestone, they appear to indicate that the genus 
was gradually dying out. In the Millstone-grit beds above, it 
appears to have disappeared entirely. 


Genus Astraboutjs, Davis, g. n. 

Teeth of medium size, saddle-shaped, prominently raised near one 
end, diminishing in breadth and thickness very rapidly anteriorly, 
much more gradually posteriorly to less than half the greatest 
Q.J.G,S. No. 160. 2 F 
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diameter. Outer lateral margin convex ; inner one concave ; 
apparently conforming to the contour of the jaw, to which the under 
surface, by its concavity along the longer axis of the tooth, is adapted 
for attachment. Crown thickly enamelled, punctate. Under surface 
of tooth striated or rugose. 

Astrabodus expansus, Davis, sp. n. (Plate XXYI. figs. 11, 11 tr, 12.) 

Teeth, More or less Ungulate in shape ; greatest length 2-5 inches, 
breadth 1*6 inch. At a distance of one sixth the length from the 
anterior extremity the surface is raised, and forms a prominent 
convexity across the tooth at its greatest breadth. Prom this pro- 
minent part the diameter and thickness of the tooth rapidly 
diminish, terminating posteriorly in a eubrotund outline 0*4 inch 
in diameter. The anterior portion of the crown is short, de- 
pressed at an angle of 90° to the anterior margin, which is more 
or less circular in outline. The outer lateral margin is eonvex, and 
considerably longer than the opposite inner one, which is concave. 
Coronal surface antero-posteriorly concave and transversely convex, 
assuming a saddle-shaped form thickly coated with enamel or 
dentine, and uniformly punctate. Under surface hollow and con- 
cave, apparently for attachment to the surface of the jaw, roughly 
punctured or fibrous in structure. 

These peculiar teeth resemble those of Psammodus^ Ag., in the 
widely expanded surface of the crown. Other and more important 
characters indicate some relationship to tlie less convolute forms 
of the Cochliodont group. The convex upper surface with the 
corresponding concavity beneath, and the greater extent of the outer 
compared with the inner margin, afford considerable evidence that 
the teeth grew or increased in size along the outer edge in a radially 
convolute manner, similar to the growth of the Cochliodonts, so that 
the teeth, in place of being arranged over the surface of the whole 
palate as was probably the case in Fsammodus, were restricted to 
the jaws, which they enveloped is ‘in the Cochliodonts. 

The number of teeth in Mr. Horne’s collection is about half a 
dozen. They are all of the same form, but in some of the number 
the long posterior extremity extends towards the right, in others 
towards the left, indicating that they enveloped the opposite rami of 
the jaw. There is no evidence to show that more than one tooth 
was attached to each ramus of tlie jaw; and though, considering the 
paucity of the material, it might bo premature to venture on a 
definite opinion that the fish possessed only two teeth to each jaw, 
such appears to have been the case. 

Genus Cyrtonodtjs, Davis, g. n. 

Teeth, Anteriorly prominent, gibbous, rounded towards the extre- 
mity. Surface behind and parallel with the gibbosity much depressed, 
forming a deep hollow extending transversely across the surface ; 
posterior portion of crown more or less triangular in outline, rapidly 
narrowing to a i)oint. The coronal surface uniformly punctate and 
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.enamelled. The under surface concave. Teeth probably palatal 
and not very thick. 

Ctbxonodus gibbtjs, Davis, sp. n. (Plate XXYII. figs. 1 & 6.) 

Teeth, Semirhomboidal in outline, greatest length 1*25 inch, 
breadth 0*75 inch. Anterior portion of tooth raised transversely, 
forming a prominent gibbous ridge, from which the surface descends 
gradually, with a gentle convexity, to the anterior margin ; posteriorly 
the surface is first depressed, forming a deep sulcus, and thence 
extends evenly to the posterior extremity. The anterior margin is 
rounded, forming an obtuse angle with that of the superior portion 
of the posterior one. The latter narrows rapidly, and forms with 
the opposite margin an acutely pointed extremity. The lower edge 
of the ridge is broad and terminally imbricated. The surface is 
uniformly enantelled, and covered with small punctures; parallel with 
the superior margin there are four or five broad imbricated folds of 
enamel, possibly indicating the direction in which the tooth has 
increased in size. The under surface is slightly hollowed or concave. 

A superficial observation of the specimens would lead to the 
inference that the posterior portion of the tooth was the base or root, 
the gibbous part being the crown ; but that this is not the case is 
demonstrated by the extension of the minutely punctured enamel 
uniformly over the whole surface. 

Genus Echinodijs, Davis, g. n. 

Teeth, Base consisting of a more or less circular mass, convex 
laterally ; surface enamelled and coarsely punctate. From the upper 
part of this base spring rows of denticles, probably three in number, 
one along the central line and one parallel with this on each side. 
The denticles are about equal to one third the diameter of the 
tooth in length ; they are conical, laterally comiHcssed, acuminate, 
enamelled and smooth. 

Echinodus paradoxus, Davis, sp. n. (Plate XXYII. fig. 7.) 

Teeth, A comparatively large mass, more or less circular in form, 
from which spring three sinall, conical, acutely pointed denticles. 
Greatest diameter 0*0 inch. The surface from which the three 
denticles arise is flat and 0*4 inch across ; remaining portion convex, 
its surface covered with rugose punctures. At a distance of 0*15 
inch from the denticulated margin there are two or three circular 
depressions, of the same diameter as the base of the existing den- 
ticles or cusps, and apparently the impressions of previously existing 
denticles which have been broken off. The denticles are all similar 
in size, and extend radially from the surface, 0*1 inch iu length, 
their diameter at the base being equal to about half the length ; 
they arc smooth, round at the base, becoming laterally compressed 
and flattened nearer the apex. They are separated from each other 
by a distance slightly greater than the diameter of the base. 



632 


J. W. DAVIS 03T RE1£AINS OF FOSSIL FISHES 


This example is unique, in Mr. Horne’s collection. Its relation- 
ship to other groups of fish-remains is extremely problematical. 
There is no genus hitherto described from the Mountain Limestone 
to which it appears to possess affinity. The teeth of the genus Peri- 
plectrodus^ St. J. & W. (Palaeontology of Illinois, vol. vi. p. 324), 
from the Lower Carboniferous beds of Iowa and Illinois, are de- 
scribed as being symmetrically inrolled from within outward, the 
crown consisting of a transverse series of strong median cusps, 
flanked by at least one row of small denticles on each side, which 
regularly increase from the outer to the inner extremity. The sym- 
metrical or exact vertical inrolment in Ftriplectrodufi^ the authors 
consider would indicate that the teeth held an isolated position, 
either constituting the sole dental element of the fish by which they 
were possessed, or restricted to some part of the mouth other than 
the maxillary elements ; or, if they were associated with other teeth, 
that they may have occupied a symphysial position upon the jaws. 

The genus now described offers some points of resemblance to 
Periphetrodus^ for, in addition to the cusps or denticles occupying 
the central line of the tooth, it is probable that others existed on 
the lateral portions, their position being marked by the circular 
depressions already mentioned. There is also some indication that 
a fourth cusp existed in a line with the central row, Avhich when 
present would have extended in a more or less horizontal direction 
as compared with those still present. Whilst agreeing in these 
particulars with the American genus, it differs in one or two 
important particulars. The rounded basal portion does not possess 
the convoluted character of Perijdectrodus, whose inrolled form 
appears to partake very much of the character of the second or 
smaller tooth of the lower jaw of Deltodus suhhtw, Ag. (see Trans. 
Iloyal Dublin Soc. n. s. vol. i. pi. lii. fig. 0 a), or of the middle tooth 
of CocJdiodus coniortm^ Ag. {op, cH, pi. lii. figs. 5, 5 a), in the manner 
of its growth. Messrs. St. John and Worth en state, after the 
examination of a large number of specimens, that the teeth of 
Perlplectrodus increase in size with age, and that the cusps on the 
earlier growth of the dental plate become hidden from view by being 
inrolled and enveloped by the older extremity of the dental plate. 
Excepting the fact that these teeth have longitudinal series of cusps 
or denticles, they do not differ very much from the teeth of the 
Cochliodonts named above; and may possibly have been some- 
what nearly related to them. The tooth from Mr. Horne’s collec- 
tion exhibits none of these peculiarities ; the basal portion is quite 
jsolid and homogeneous in structure. It also appears to be thinner 
or narrower than that of Perlplectrodus, 

Genus Diplacodtjs, Davis, g. n. 

Teeth, Of medium or small size, twice as long as broad ; crown 
divided by a deep sulcus into two unequal parts. Anterior portion 
forming a prominent transverse convexity, more or less pointed on 
the inner margin and expanding outwardly; behind the sulcus 
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there is a second and similar convex protrusion of the surface, the 
posterior portion of which extends a considerable distance back- 
wards, the lateral marj^^ins gradually converging to half its grejitest 
breadth and terminating in a rounded extremity. The surface is 
covered with small pustulations : base not observed. 

The teeth comprised in the above description appear to offer some 
indication that they are allied to some extent with the Cochliodont 
group of fishes. As with the genus OoMiodu,.% the concave margin 
is shorter than the convex one, and the two prominent portions of 
the coronal surface are narrow and somewhat pointed at first, and 
expand with ihe growth of the tooth. These characters, combined 
with the general a])pearanco of the tooth, point to a surface more 
or loss convolute and expanding radially with the increase in size. 

Diplacodus RTTLaoiDEs, Bavis, sp. n. (Plato XXVII. fig. 20.) 

Teeth. Possessing the generic peculiarities already indicated ; 
length 0*7 inch, breadth 0*4 inch. The anterior portion of the 
tooth is characterized by a doubly convex projection of the surface 
of the crown, divided by a deep transverse groove from the second 
projection. The surface of the tooth is prolonged backwards for a 
length equal to half that of the tooth ; the sides converge to 0*2 inch 
in diameter, the posteiior extremity being obtusely rounded. The 
margin, of the anterior portion of the tooth is deep and slightly 
convex ; the inner lateral margin sinuously concave, with more or 
less pointed projections from the border, corresponding to the two 
prominences of the crown; the outer margin is convex, with 
rounded projections of the surface similar to the inner ones. The 
surface of the crown is generally convex, expanding with growth. 
It is coated with dentine, wdiieh is uniformly and minutely punctate ; 
root or base not exposed. 

The figure shows a mass of matter attached, which may be a 
portion of the bony or cartilaginous jaw. 

Genus MEGALicnxnrs, Agassiz, 

Megaltchthys Hibberti, Ag. (Plate XXVI. fig. 8.) 

A jaw and a few separate teeth and scales of this fish have been 
found. The jaw is rather less than an inch in length, and 0*3 inch 
in depth at the posterior end, becoming narrower towards the 
anterior symphysis. It is covered with glistening black enamel ; 
the surface of the latter being covered with pittings similar to those 
of the Megalichihijs abundant in the Coal-measures, Along the 
upper or alveolar surface a row of minute teeth may be distin- 
guished. The specimen is represented, natural size, by fig. 7. 


Several other fossils, apparently belonging to fishes, also occur, 
but in too imperfect a condition to allow their precise nature to be 
made out. One is a small, circular, convex plate covered with 
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Fig. 3. Jaw of fish ? 

4. Pristicladodm dentatus, McCoy. 

6. Lophodm bifurcattis, Davis, iig, 5 a. Side view of same. 

7. 'Eminodm paradoxus, Davis. 

8. Glyphanodm tenuis, Davis. Fig. 8 a. Vertical section. 

9. Petalorhynchus'i 

10. Cladodus mucronatus, Davis. 

^ n. Hornei, Davis. 

12. Diolitodus scitulus, Davis. 

13. Polyrhizodm Colei, Davis. 

14--17. Pleurodm Woodii, Davis. 

18. Cf^mpetalus crcnatus^ Davis. 

19. Lophodus scrratuju, Davis. 

20. Diplacofltis huUmdes, Davis. 

21. Pcecihdm corrugatm, Davis. 

22. Copodits cornutus, Agass. 

23. Chomafodm lamelUformis, Davis. 

24. Hcmicladodns nniGnspklahis,J)fiy\s, 24 a. The same enlarged. 
25- LujJwdus angular is, Davis. 
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43. On a Nf^w Species of CWoceras from the Llanvirn Beds, 
Abi:reii)])Y, Pembuokioshire. By Thomas Hoberts, Esq., B.A., 
E.(j}.S., Woodwardian Museum, Cambridge. (Read June 25, 
1884.) 

[Plate XXVIll] 

WiriTiST working in the Llanvirn series, near Abcreiddy Bay, in 
IVmbrokesliin^, in June and again in Stq>tember last, 1 found some 
fossils in a quaia-y which had apjmrently Ijeon but recently opened. 
This quarry is about half a niilc N. of \\\ from the Llanvirn quarry, 
which has yiehh^d such an interesting fauna to the researches of 
Dr. Hicks and oIIuts during the last lew years, and from which 
too Prof. Hughes and his students, myself amongst them, obtained 
a good collection during the last Easter vacation. 

The rocks exposed in this now" quarry are less fossiliferous than 
those at Llauvirn, and during both of my visits I succeeded in 
getting only eleven specimens, consisting of the following species, 
which Mr. Marr has identified for me : — 

Phacopa llanvirnensis (?), Hichs. Didynio^raptus indentus, Hall, 

Trinuclous, ep. ? Diplograptus, sp. ? 

Glosaograptus ciliaius, Em, Conocerus, nov. sp. 

Only one specimen of Ghmor/rapfnf} cilia ins* has been as yet re- 
corded from 8t. Davids, while Oonoceras is new to the district. 

This Conocems I ol>tained from one of the workmen in the new 
quarry, and the character of tlie matrix in which the fossil is im- 
bedded completely confirms the statement of the quarryman that 
he had found it there. 

The cleavage does not quite coincide with the bedding, and, as 
a result of this, the plane along which the Conoceras is ex^josed, 
cuts through the dorsal portion of the shell anteriorly, then, passing 
backwards, reaches its ventral border posteriorly. Hence the parts 
preserved consist, anteriorly, of a longitudinal section of the shell cut 
somewhat obliquely, while further hack there is only a mould of 
the internal cast of the shell. The portion of the shell which is 
preserved is mucli compressed, and can he removed from its mould. 

The specimen is about 7 inches in length, and its greatest width 
is 2| inches ; there seems to be but little augmentation in its width 
in passing forward from its hinder extremity ; the lateral portions 
of the sliell, however, are not well preserved, so that its exact 
original width cannot now he ascertained. 

The portion consisting of the mould only forms about three 
fourths of the entire length of the specimen, and on a part of it the 
disposition of the sutures of the septa is fairly well seen, especially 
their bending forward and meeting in an angle forming a band of 

* Quart. Joum. Geol. Soc. vol. xxxi. p. 65U. 
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superposed chevrons, which is situated mesially in this part of the 
fossil. The intervals between the septa vary from y to J inch, and 
the greatest width of the chevron-band is | inch. 

On removing the shell from its mould, the chevron-band appears 
to be somewhat distorted anteriorly, and is then continued forward 
as a narrow groove, partly disconnected and about ^ inch wide, to 
the anterior margin of tlie fossil. On the shell itself there is a 
ridge corresponding to the above-mentioned groove, and when this 
ridge is cut open, it is seen to be tilled with material differing 
somewhat from the rock in which the fossil is imbedded. This 
may, i)ossibly, be the siphuncle, and, as already stated, the groove 
corresponding to it is apparently continuous with the chevron-band. 
The anterior portion of the fossil is, however, in such a bad state of 
preservation that but little can be made of it ; the se])ta are not 
seen here ; but some irregular coarse corrugations are present, 
running round the part of the shell which is preserved, and roughly 
corresponding to its lines of growth. The corrugations may repre- 
sent an ornamentation on the external surface of the shell. On 
some parts of the shell small irregular ridges can be seen ; but it 
is doubtful whether these represent original structure or not. The 
doubt that occurs on this point is due to the fact that the cleavage 
BO nearly coincides with the bedding that it is possible some of 
these crumplings may be due to the cropi)ing-out of the cleavage- 
planes along the plane in which the fossil lies. 

No part of the body-chamber appears to be preserved in our spe- 
cimen, because if the ridge on the shell, already doscrilx^d, represents 
the siphuncle, then the body-chamber must lie beyond it. 

Five species of Conoceras {Bathmoceras) have been described : — 

Conoccras eonm (Blnke)* from the Arcnig of the Shelve. 

angulomim t, llroiin, froiu Lake Huron, America. 

Barr. J I j, ^ Bohemia. 

imeposterumi, Iwirr. J ’ ’ 

Linnarsoni^ Angelin §, from Kinnekullo, Westrogothia, Sweden. 

In 1874, Kayser|| described, from the Devonian of Bicken, near 
Herborn, in Nassau, a fossil which he referred to Gomphoceras ; it 
consists of a longitudinal section of a portion of the body-chamber, 
together with 15 segments immediately adjoining it. All the 
sutures of the septa in the chambered portion are peculiar, in that 
they bend haclcward^ forming funnel-shaped depressions ; but this 
bending is most marked in the last 11 septa. There is also a longi- 
tudinal groove uniting the apices of these depressions. 

Kayser figures a surface-view of one of the septa from the middle 
of the fossil, showing (i) what he supposes to he a siphuncle placed 

* Blake, Brit. Foss. Oeph. part i. p. 165, pi. xyi. fig. 5. 

t Trans. Geol. Soc. 2iid series, vol. i. pi. 26. fig. 6 ; Bronn, Leth. Geogu. 
vol. i. p. 98, pi. i. fig. 7. 

J Barrande, Sil. Syst. de la Boh^me, vol. ii. texte iii. pp. 797 & 799. 

§ Angelin and Lindstrom, Fragmenta Silurica, p. 8, pi. xvi. fig. 4. 

II Zeitschrift der deutschen geologischen Gesellsehaft, vol, xxvi. p. 671, pi. 16. 
figs. 1-4. 
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near the margin and possessing a radial structure, and (ii) a kind 
of cylinder, which is placed at the margin immediately beneath the 
curving backward of the septa. Kaysor regards the peculiar cha- 
racter of the septa as a malformation duo to a diseased development 
of the animal. 

This fossil has many characters in common with Conoceras : — 
{a) the bending of the sutures of the septa forming a chevron-band, 
but in this Gomphoceras the apex of the chevron is directed back- 
wards ; (6) the longitudinal groove uniting the apices of the depres- 
sions is similar to what occurs in some specimens of Conoceras 
from Bohemia * ; (c) the structure placed beneath the chevron-band 
appears to be much the same in both forms. What the subcentral 
structure (siphunclc of Kayser) may be it is difficult to decide. On 
the outside of the last three chambers of the Gomphoceras there is 
present a structure showing a radial arrangement of parts, and 
apparently occupying the same relative position to the chevron- 
band as that of the so-called siphuncle in the middle portion of the 
fossil, so that they seem to be continuous ; if so, then Kayser’s 
determination of its being the siphuncle is incorrect, as that which 
he believes to be the siphuncle has a subcentral position in one 
part of the fossil, and seems, in another part, to cut the shell itself 
obliquely, and must therefore be a foreign body. 

The only English species as yet recorded is Conoceras eonm^ in 
which the forward inclination of the septa is only feebly marked. 
It is doubtfully referred to this subgenus by Blake f. 

Conoceras anc/ulosum and Bathmoceras Linnarsoni differ from all 
the other known species by their sharply tapering shell. 

To Bathmoceras preeposternm and B, complexum the Llanvirn 
species presents considerable affinity. I have compared it with a 
specimen of B, prirposterum from Bohemia, in the collection made 
by Mr. Marr, now in the Woodwardian Museum, and find that it 
agrees with it in most of its characters. Barrande distinguishes 
his two Bohemian species by the manner in which he considers that 
the septa are developed J ; in B. preeposterum the septa first appear 
at the sides of the siphuncle, whilst in B, complexum they are first 
formed on the dorsal side, or that opposite to the siphuncle ; it is 
thus he accounts for the usual incompleteness of the last two or 
three septa. Blake points out that this character is of no value, 
“ since many Orthocerata of ordinary character, Phragmocerata, 
and even Ammonites show similar incomplete septa, dependent pro- 
bably on accidents of preservation ” §. Barrande himself, too, states 
that in Orthoceras imperJicienSy 0, styhideuniy &c., some of the 
septa are incomplete ||. The only distinction which I am able to 
make between the Llanvirn form and those of Bohemia, is the pre- 
sence of corrugations of the shell in our species, and their absence 

♦ Barrande, Sil. Syst. BohSme, vol. ii. teite iii. p. 794. 

t Blake, Brit. Foss. O^h. part i, p. 106. 

I Barrande, Sil. Syst. Bohdme, vol. ii. texte iii. p. 793. 

§ Blake, Brit. Foss. Ceph. part i. p. 53. 

II Barrande, Sil. Syst. Bohdme, vot ii. texte iii. p. 793. 










CONOCERAS LLANVIRNENSE. (Plate XXYIIT.) 

Shell thin, cylindrical, marked with coarse corrugations corre- 
sponding to its lines of growth. Greatest wddth not less than 
inches. Septa -f to ^ inch apart; the sutures bent forward on 
each side of the siphunclc and meeting above it, forming a band of 
superposed chevrons. Siphunclc marginal. The specimen is much 
compressed, and the body-chamber is not seen. 


EXPLANATION OF PLATE XXVIII. 

Coftoceras llanvhnense, Roberts, from the LlniiTim series, near Abereicldy 
liaj, Pembrokeshire: four fifths of the natural size. 


* Marr, Sedgwick Essay, p. 93. 


t Ibid. p. 121. 
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44. On the Chemical and Microscopical Characters of the Whin 
Sill. By J. J. II. Teall, M.A., P.G.S. (Eead June 25, 1884.) 

[Plate XXIX.] 
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* Tills paper contains the following two analyses of the rock of the Whin 

Sill, made in Dr. Percy’s Laboratory, which I quote for comparisou with niy 

own, given in the body of the present paper : — 
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I. From Tinkler’s Syke, top of Widdy Bank Fell. 

II. From Teward’s Bridge, near Forest Church. TiOj, was not estimated 
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Topley and Lebour. On the intrusiye Character of the Whin Sill of Northum- 
berland. Q. J. Ot. S. vol. xxxiii. p. 400. 1877. 

Lebour and Fryar. On the Harkess Rocks near Baniburgh. Trans. N, of 
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Tue term Whin Sill is applied in the north of England to the 
intrusive sheet of basic igneous rock which forms such a marked 
feature in certain portions of the Lower Carboniferous district of 
Durham, Cumberland, and Northumberland. It is unnecessary, on 
the present occasion, to describe the strati graphical relations of the 
rock, because full details arc to be found in the j)a])er8 cited above, 
and especially in those by T*rof. Sedgwick and Messrs. Topley and 
Lebour. For some time there was a discussion as to whether the 
rock was intrusive or interbedded, but this discussion may be 
regarded as having been closed by the publication of the able paper 
by Messrs. Topley and Lebour. It is now admitted on all hands 
to be intrusive. To give some idea of its extent, I may mention 
that it is exposed as an inlicr in Teesdale for a distance of many 
miles. It reappears in the Cross-Fell escarpment in Cumberland, 
and may bo traced thence, witli slight intiaruptions, across the 
county of Northumberland, to the sea-coast at Dunstanburgli, 
following in a general way the strike of the beds with which it is 
associated. As the strike bends round to the N.W. in the northern 
portion of Northumhcrlnnd, tho Wliin Sill r(!a])i)ears on the coast at 
Ilamhurgh, and may be traced from this point to Kyloe, Avhere it is 
last seen. 

Tho distance from the point in the Cross-Fell escarpment, where 
it first appears, to Dunstan burgh is about (JO or 70 miles. Speaking 
of its development in Northumberland, Prof. Lebour says* : — “ Its 
tliickness varies very greatly, being scarcely 20 feet in places, and 
loO feet in others. On an average it is from 80 to 100 foot thick.'’ 
Inasmuch as the outcrop follows on the whole the strike of the beds, 
we may reasonably infer that the horizontal extension of the sheet 
is very great, amounting, in all probability, to hundreds of square 
miles, and that it underlies a largo portion of the counties of 
Durham and Northumberland. It is an unfortunate circumstance 
that we are unable to sj)cak definitely as to the period of its erup- 
tion. It is later than the Lower Carboniferous, and earlier than 
most of the faults of the district t ; but whether it is pre- Permian 
or post- Permian must remain, for the present, an open question. 
It would be a very curious circumstance if the Whin Sill should 
prove to be contemporaneous with the diabase of the Eastern States 

in these analyses and was therefore weighed in part with the SiO^, and in part 
with the A 1203 and Fe^Og. The excess of potash over soda is a remarliible 
feature in these analyses. 

* Outlines of the Geology of Northumberland, p. 55. 

f “ Intrusive Character of the Whin Sill,” Topley and Lebour, Quart. Joum. 
Geol. Soc. vol. xxxiii. p. 418. 
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of North America, which it so closely resembles in its petrological 
character and mode of occurrence. 

The object of this communication is to describe the chemical and 
microscopical characters of the rock of the Whin Sill. The obser- 
vations are based on specimens collected by myself, at many points 
in Durham, including Middleton, High Force, and Cauldron Snout ; at 
a point about half a mile south of the locality marked Tyne Head on 
the Ordnance Map (Alston Sheet) ; and at Hot Bank, near Crag 
Lough, Bourgovicus, Hamburgh Castle, and many other points in 
Northumberland. Mr. Comozenski, the borough engineer of North 
Shields, kindly suj)plied me with specimens from Greenhead near 
Haltwhistle, Longhoughtori and Little Mill near Alnwick, and 
Barrasford on the North Tyne. 1 have also examined the Little 
Whin Sill of Weardale, which occurs at a somewhat higher horizon 
than the Great Whin Sill of Tecsdale. It is identical in its petro- 
logical characters with the latter rock. It will thus be seen that 
material has been collected from a sufficiently wide area to justify 
general conclusions as to the character of the rock, although it 
cannot he expected that all varieties have been observed. In no 
case are there any marked variations from the coramoii type except 
such as depend, in all probability, on nipidity of cooling, and those 
may generally be found in one and the same locality. 

There is one aspect of the question to which I have paid scarcely 
any attention, although it is one of great interest and importance ; I 
refer to the ])henomena of contactomctamoqffiism. This metamor- 
phism is most marked in many cases, both at the upper and lower 
junctions. Limestones have become crystalline, and the shales have 
been converted into a kind of 2 )orcellanito, with development of 
garnet and other minerals. 

The subject has been referred to by Prof. Sedgwick, Mr. Clough, 
and other writers ; but it would well repay further investigation, 
with both the microscope and the chemical balance 

Petrological CnARACiERs. 

The rock is dark grey or bluish grey when freshly exposed. In 
texture it varies from compact to coarsely crystalline, the most 
common variety being one in which the individual constituents are 
just recoguizahlo by the naked eye. The compact variety occurs 

* The following papers oontiiin important observations on the oontact-meta- 
morphisiu produced by rocks similar in character to tbe Whin Sill : — 

Lossen. Metamorpliische Scliichten aus cler palaozoischen Schichtenfolge 
des Ost IlMrzes. Z. D. G. G. 18G9, p. 281. 

. Ueber don Spilosit uinl Desinoisit Zinokeus. Z. D. G. G. 1872, p. 701. 

Kayskr. Ueber die Conlactmotamorphoseu der kdriiigen Diabase im Hartz, 
Z. D. G. G. 1870, p. lua. 

SciiENCK. Die Diabase des oboren Buhrthals und ihre Oontactcrscheinungen. 
(Inaugural Disseruition.) Bonn, 1884. 

The work of these authors appears to establish the important fact that the 
inetamorphism is accompanied by an actual transfer of felspar substance from 
the magma of the diabase to the surrounding rock, 
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t)iily at the junctions, and is never more than a few inches in thick- 
ness. It is especially interesting because it exhibits a very distinct 
type of micro- structure. The coarse-grained varieties occur only 
where the rock attains a very considerable development, as, for 
instance, at Cauldron Snout. There is one very remarkable variety 
in which crystals of pyroxene measuring an inch in length are by 
no moans uncommon. I have observed it in two localities, viz. 
half a mile south of Tyne Head and at Cauldron Snout. It 
occurs in the form of irregular masses in tluj coarser varieties of 
normal whin, B])eaking of this variety, Trof. Sedgwick says * : — 
“ Among the hard and almost indestructible masses there may be 
found a few concretions or irregular veins of a much coarser and 
more decomposing variety of rock in which the crystals of pyroxene 
are large and abundant. This mineral in such cases often puts on 
the form of irregular prisms or lengthened tabular crystals, the 
])lanc8 of which are bent and undulating.’’ Mr. I’hillips examined 
these long crystals for Prof. Sedgwick, and ascertained that they 
cleave easiest ])arallel to the plane P [o P Naumann], which is 
uncommon, and that the broad surfaces of the long crystals are 
not primary planes bnt re})rescnt the ])]ane h f ctj I* oo Naumann].” 
These determinations of Mr. Phillips will be verified later on. Tlte 
junctions between the very coarse rock here referred to and the 
more normal whin are remarkably abrupt, notwithstanding tlie fact 
that tlic two varieties have the same mincralogical composition. 

If we leave out of account one or two exceptional varieties, the 
statement holds good that the rock of the Whin Sill is remarkably 
uniform in general aspect. Its specific gravity is also fairly con- 
stant, as will be seen by the following list of determinations t : — 


Hot Bank near Crag Lough 2*024 

Longhoughton near Alnwick 2*00d 

Greenliead Quarry near Halt whistle 2*045 

Barrasford Quarry, N. Tyne 2*045 

Crags near Bourgovicus 2*044 

Middleton in Tecsdalo . . 2*050 


Amygdaloidal varieties are not common, and where they do occur, 
as at the Harkess Hocks near Bamburgh, tliey are associated with 
other peculiarities which lead one to suspect that the rock has con- 
Eolidated under conditions somewhat different from those which 
prevailed during the formation of the normal whin. 

The only constituents distinctly recognizable with the naked eye 
or with the hand-lens are pyroxene, a light-coloured substance 
which is presumably either felspar or the result of its alteration, and 
a few specks of pyrites. Under the microscope a much longer list 
of minerals can be made out. The essential eonstituents are seen to 
comprise plagioclase of one or more species, and generally more or 

* Cambr. Phil. Trans, vol. ii. 16G. 

+ Mr. Clough (Cleol. Mag. dec. IT. vol. vii. p. 41*2), gives the Sp. Or, of a 
gpecimeu froiu Tinkler’s 8yke as 2*82, and that ol‘ another Irom Teward’s 
Bridge, near Forest Church, as 2 '84. 
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less altered, a monoclinic pyroxene having certain special characters 
hereafter to be described, and titaniferous magnetic iron-ore. In the 
coarser-grained varieties quartz may always be detected as an 
original, and probably also as a secondary, mineral. The original 
quartz ife intergrown with felspar so as to produce the micro-peg- 
matitic structure of Levy and X'ouque, or the granophyric structure 
of Koscnbusch. This micro-pegmatite plays the role of ground-mass, 
that is, it occurs between the interstices of the lath-shaped felspars. 
If a scries of sections cut from rocks which vary in the size of the 
constituent minerals be examined, it will be seen that the micro- 
pegmatitic structure in the interstitial matter becomes less and less 
pronounced as the finer-grained varieties are observed, until at last 
it is incapable of definite recognition ; all that one then sees with 
the highest powers is an indistinct parallel fibrous structure. It is 
extremely interesting to trace this micro-pegmatite into a substance 
in which the minerals quartz and felspar are incapable of recog- 
nition by the aid of the microscope, but in which there is reason to 
believe tliat ilu'y exist. 

Apatite can always be detected, though only in very small quan- 
tity. 

The accessory minerals, or those which do not always occur in the 
thin sections, include a rhombic pyroxene, a colourless monoclinic 
pyroxene — the so-called salit of many authors — brown hornblende, 
mica, pyrite, calcite, and various green decomposition -products. 
Before proceeding to describe the characters of the individual con- 
stituents it will bo well to say a few words about the general 
microscopic structure of the different varieties. 

The compact rock which forms, in many cases, the actual junction, 
and w^hich may bo well seen at both the upper and under surfaces 
of the Whin Hill in the neighbourhood of Cauldron Snout, shows a 
micro-porphyritic structure. Small, more or less lath-shaped sec- 
tions of felspar lie imbedded in a ground-mass, which is a veritable 
“ Mikrolithenfilz,” composed of minute and evenlj' distributed specks 
of opaque iron-oxide and somewhat ill-defined and extremely small 
colourless microlites. In the thinnest preparations these microlites 
are seen superi)08od on each other, so that it becomes impossible to 
8 ])eak with certainty as to the presence or absence of any isotropic 
glass. It is impossible to look at this ground-mass and not be struck 
with its resemblance to the ground-mass of many andesites and por- 
phyrites. 

The finely crystalline rock which occurs a foot or two from the 
junction presents a very diflPerent type of micro-structure. It appears 
at the first glance to be holocrystalline, and to consist of crippled 
augite granules, lath-shaped felspars, and grains of opaque iron-ore. 
On closer examination an extremely minute quantity of interstitial 
matter may generally be detected between some of the lath-shaped 
felspars. 

The medium-grained rock w^hich makes up the main mass of the 
Whin Sill difiPers from the above merely in the extent to which the 
individual constituents have developed. Instead of the crippled 
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augite grains one now recognizes collections of such grains, and also 
definite crystalline plates into which the lath-sliaped felspars fre- 
quently penetrate. In sliort the rock possesses the “ ophitic structure” 
of Messrs. Levy and Fouque. Tlie interstitial matter becomes more 
pronounced and takes on liere and there the micropegmatitic struc- 
turc. In the coarser-grained varieties both the ophitic and micro- 
pegmatitic structures become more and more developed, and the 
dominant pyroxene, shows a i)eculiar striated ai)poarancc, which 
will bo described more fully in another part of this paper. In the 
coarsest variety of rock the pyroxene is developed in the form of long 
and somewhat flattencKl prisms and the micropegmatitic structure 
is most strikingly shown. Having described the general ty])es of 
micro- and macro-structure, it will now be advisable to consider the 
individual minerals. 

Felspar . — This is probably, in all cases, the most abundant mino- 
ral. In the vast majority of cases only one generation can bo 
detected. In three s])ecimens, howev’er, taken from Little Mill near 
Alnwick, Middleton in Teosdale, and liarrasford on the North Tyne, in 
addition to the prevailing felspars which give latli-Hha])ed sections, a 
larger felspfir, which is more evenly devtdopcd in the difierent direc- 
tions, and which contains a nucleus with irregular ramifying inclu- 
sions, may be rcicognized. I'his evidently belongs to an earlier 
period of consolidation, and the rock is therefore not strictly granular 
in the sense in which tluit term is used by llosenl)usch *. The pre- 
vailing felspar, as already indicated, gives hit h-sliajaal sections. When 
fresh it shows the fine striation of jdagioclasc. W hether it belongs 
to one or more species I am not able to (h'tcTinine 'VN'ith any degree of 
confidence. The extinction-angles referred to the twinning-plane 
are not large. In the majorit}^ of cases the felspar is more or less 
altered ; and this alteration appears to affect all the individuals alike, 
a fact which tells in favour of the view that wo are hero dealing 
with a single species. For the purpose of isolating the different 
constituents a specimen of a moderately coarse-grained variety of 
the normal whin was broken np in an iron mortar, and the frag- 
ments passed through a series of sieves. The grains selected for 
further treatment were those which passed through a sieve having 
50 meshes to the inch and were stopped by one having 100 meshes. 
These grains were so small as to consist, in a large measure, of the 
individual constituents of the rock. They were washed to remove 
the fine powder, dried and then placed in the Sonstadt solution 
having a specific gravity of about 3. The grains of pyroxene and 
titaniferous magnetic iron sank to the bottom, whereas the grains of 
felspar substance and many others of a composite character remained 
suspended. The grains of pyroxene and magnetic iron-ore were 
separated for further treatment, and then the solution was diluted 
down gradually. It was found that the felspar substance remained 
suspended in a solution of 2*70, and sank in one of 2-67. The 
grains which fell as the solution was diluted from 2*70 to 2* 07 

♦ Ueber das Wesen der kornigen und porpbyrischen Structur bei Massen- 
gesteinen,” Neues Jahrbuch, Band ii. 1882. 

a L G. S. No. 160. 2 X 
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were separated from the rest and analyzed with the following 
result : — 


SiOj 

6M8 

AO, 

19-!t5 

l’c,0, 

3-20 

CaO 

5*45 

MffO 

-02 

K,'/0 

2'83 

Na^O 


H,0 

]*I3 


99*36 


Both microscopic and chemical analysis shows that we are not 
dealing with i)ure felspar substance, but a mixture of quartz, felspar, 
and decomposition-products. 

The molecular ratio of Na(K) : Ca, according to the analysis, is 
2*18 ; 1 ; but we must remember that some lime has been removed 
from the rock. Nevertheless, by inlroducing the most favourable 
assumption as to the amount of lime which has been removed, wo 
cannot make the ratio of Na(K);Ca so low as 1; 1, and wo seem 
therefore driven to the conclusion that in the original felspar sub- 
stance, whether it consisted of one or more species, this ratio agreed 
approximately with that of andesinc. The large amount of K.,0 
may imjdy the existence of an independent ])ota8h felspar ; but of 
this 1 am noi al)Jc‘ to give any definite microscopic evidence, and wo 
must ronu?mber that some andesiiics are supposed to contain as much 
as 2 or * per cent, of this suhsf-ance. 

The dominant Pyroxene. — I'his mineral, in the thin sections and 
in a perfectly fresh condition, a])poars to he of a pale brown colour. 
In the finer-grained varieties it occurs in the form of grains, and in 
the coarser varieties either as grains or irregular plates. The usual 
prismatic cleavages are common, and twinning may not unfrequently 
be observed. External crystalline boundaries are, as a rule, absent. 
In the large irregular plates a fine striation may frequently be ob- 
served. This, however, is by no means a constant feature. In the 
freshest rock si)ecirnens it is absent ; in the most altered specimens 
it is universally present where the pyroxenes attain any consider- 
able size. Some sections of pyroxene show it in certain parts and 
not in others. It seems ini])ossible therefore to avoid the conclu- 
sion that this structure is of socondary origin. 

It reminds one at once of the corresponding structure in diallage ; 
and an interesting question arises as to whether we are here dealing 
with true diallagc — that is, with a pyroxene having a laminated 
structure parallel to aPa — or with some other modification of 
aiigite. It has already been pointed out that in the coarsest variety 
of whin the pyroxene is developed in the form of elongated prisms, 
with more or less definite crystalline faces. If, then, this variety 

* Eammelsburg, ‘ Handbuch der Mineral-Ohemie,’ Band ii. pp. 569-570. 



MICROSCOPICAL CHARACrERS OF THE WHIN SILL. 647 

shows the same striation, and we can identify the crystalline faces, 
it will furnish us with the means of determining this point. 

Looking at a fractured surface of this extremely coarse-grained 
rock, one sees long bright black cleavage-faces, measuring, say from 
2 to 3 centimetres in length, and from 1 to 3 millimetres in breadth. 
These are traversed by a fine striation, which runs at right angles 
to the length of the face, and which can be readily seen with a 
hand-lens. These faces represent the orthopinacoid, according to 
the determinations of Phillips. If, now, we break the specimen so 
as to obtain an end view of the prism, we see that it is bounded by 
two small faces which have a bronzy lustre, similar to that of diallage, 
and which are inclined at approximately the same angle as the 
basal planes in a crystal of augite twinned on the normal plan. We 
see, further, that a number of similarly twinned crystals are placed 
close to each other, with corresponding fuces parallel. Now these 
small bronzy-looking faces arc the basal planes of the crystals ac- 
cording to the determinations of Philli])s, and they are also the 
planes of easiest cleavage. Owing to the size of the crystals it is 
easy to prepare sections in definite directions for microscopical and 
optical examination. 8uch sections establish conclusively the cor- 
rectness of Mr. Phillips’s determinations. Those cut ])arallel to the 
long black lustrous faces (x P v>d) give straight extinction, and show a 
marked striation at right angles to the vertical axis ; those cut at right 
angles to this axis (PI. XXIX. fig. 1 ) show that the prisms are formed 
almost entirely of the ortho- and clino-])inacoi(ls (the prismatic faces 
only appear as slight truncations), and that each individual is twinned 
in such a way that the face of composition is at right angles to the 
plane of the optie axes ; that is according to the normal type. These 
sections also show that whereas the j)rismatic cleavages are well 
seen in the fresh crystals or portions of a crystal, tliey are obscure 
wherever alteration has taken place. Other and somewhat irregular 
cleavages parallel to the two vertical pinacoids, especially the clino- 
pinacoid, maybe observed. Hections cut parallel to the latter pina- 
coid (fig. 2) show an oblique striation, the strim making with the 
twinning-line an angle of about 75", i.e. the angle /3 (Naumann) 
of augite. In these sections the angle of extinction referred to the 
twinning-line is 42". The facts mentioned above prove conclusively 
that the striation so frecjuently referred to is due to lamination 
parallel to o P and not to oo P The mineral therefore is not 
true diallage. That the striation observed in the pyroxene of the 
normal whin is of a similar character can be easily proved by the 
application of optical tests to the thin sections. We have now to 
deal with the chemical composition of this pyroxene. 

In a former part of this paper (p. 645) the method of separating the 
pyroxene and titaniferous iron-ore from the felspar and quartz was 
explained. The two former minerals were separated from each 
other by means of a small bar-magnet. It was found that the iron- 
ore could be entirely extracted in this way. The pyroxene grains, 
after having been roughly sorted under the microscope, were an^yzed, 
with the following result. They were not perfectly pure, for it was 
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found impossible to remove all traces of the felspar, owing to the 
intimate manner in which it was intergrown with the augite. 

Monoclinic pyroxene, Cauldron Snout, from a moderately coarse- 
grained rock (sp. gr. about 3*30) : — 



Comp. 

Mol Rel. 

SiO^ 

49*03 

8182 

AlA 

5*4(> 

533 

FeO 

15-57 

2107 

MnO 

*22 

31 

CaO 

. 15*34 

2746 

MgO 

, 11*()0 

2922 

Nii,.0 (K„0) 

. 1*24 

200 

H.,b 

•81 



99*33 



A portion of the alkalies and alumina in this analysis may cer- 
tainly bo referred to felspar. The total iron is reckoned as FeO. 
The most striking feature is the large excess in the number of 
molecules of Fe + Mg over the number of molecules of Ca. This 
cannot possibly be explained on the assumption that a visible mix- 
ture of two i)yroxeiies was analyzed, for care was taken to select 
a rock in which tho rhombic mineral could not be recognized. To 
determine if possible somewhat more accurately the composition of 
the prevailing pyroxene, an isolation of the mineral from tho 
coarsest variety of Whin Sill was effected. Tho greatest care was 
exercised, and every grain used in the analysis was passed before 
the eye under the microscope. 



I. 

II. 

III. 

IV. 







^ 

SiO, 

50*71 

50*21 

48*41 

8079 

54*2 

aiA 

3*55 

3*24 

4*05 

395 

2*6 

re„o„ 



2*30 

149 

1*0 

FeO 

. 15*30 

17*40 

15*08 

2099 

14*0 

MnO 

. 0*81 


*37 

52 

*3 

CaO 

. 13*35 

13*92 

15*98 

28G0 

19*1 

MgO 

. 13*03 

14*05 

12*14 

3043 

20*4 

Na,0(K,0). 

. 1*48 





H.0 

. 1*17 

(loss) 

1*19 




100*00 

98*82 

99*58 




I. Pyroxene from West Eock, Newhaveji, Connecticut. American 

Journal of Science, 1875, p. 185. W. Hawes on the Trap 
rocks of the Connecticut Valley. 

II. Striated pyroxene isolated from a basaltic rock from Kolter, 

Faroe Islands. Dr. A. Osann, “ Ueber einige basaltische 
Gesteine der Faroer,” Heues Jahrbuch, 1884, Band i. p. 48. 

III. Striated pyroxene from the coarsest variety of the Whin SiU, 

^ m. south of Tyne Head. Sp. gr. 3*33 (approximately). 

IV. Molecular relations of III. 

In our pyToxene E ; Si= 1 : 1. R ; E= I ; 14*8. Ca : Mg : Fe= 
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1*30: 1*45:1. If we adopt the view of Tschormak and Bolter^, 
and regard the pyroxenes as isomorphoiis mixtures of double salts 
in which the sesquioxide bases are present in a silicate of the form 
RRSiOp, then we may represent the composition of this mineral 
approximately by the foi'mula — 

llCaFeSi^O, 

50aMgSi./),, 1 
OMgMgSi^l)^ ^ 

3MgAl,Si(), 1 

JMgFe^SiO^J 

This formula corrcspoiids to the following percentage compo- 
sition : — 


8i()^ 

48-07 



4-05 

I'XO, 

2*41 

FcO 

15-23 

CaO 

](H>0 

MgO 

12- (58 


100*00 

The mineral is remarkable for the largo amount of iron, existing 
presumably in a silical-o of the Hedenbergite type, and for the 
excess of magnesia over that required to combine with the remain- 
ing lime and the ses<juioxide ])ases. This excess implies the ex- 
istence of the silicate llgSiO^, written in the formula as MgMgSkO^ 
for the sake of symmetry. Whatever theory wo adopt as to the 
constitution of the pyroxenes, we seem driven to the conclusion 
that this silicate, known to us as the rhombic mineral, enstatite, 
exists in a monoclinic augite. One point is certain, viz. that the 
substance analyzed did not consist of a visible mixture of rhombic 
and raonoclinic pyroxene. The mineral was uniform in appearance 
and in optical projKirties. 

The point here raised is one of consideralde interest, for two 
reasons — firstly, as bearing on the general (}uestion of isomorphism ; 
and, secondly, because in other varieties of the Whin Sill a rhombic 
pyroxene occurs as an accessory constituent, and, in some cases, may 
even bo observed intergrown with the monoclinic mineral in such a 
way as to show that its position was governed by general laws of 
crystalline growth. We know that the most powerful object- 
glasses do not enable us to aj)proach the limits of molecular struc- 
ture, and there is therefore no reason to believe that the micro- 
scopic limit of visibility corresponds with anything definite in the 
nature of crystalline growth. The intergrowth of two minerals 
which can be frequently observed may quite well take place on so 
small a scale as not to be capable of recognition ; indeed we have 
in this paper traced micro-pegmatite t down to a substance in which 

* “ Ueber die Constitution dor Pyroxengruppe” von 0. Bolter, Tschermak’s 
Mitth. Neue Folge, Band ii. p. 193. See also numerous other papers by the 
same author in the same journal. 

t Consider also the case of perthite and micro-perthite. 
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the definite structure cannot be recognized, but in which there is 
every reason to believe that it actually exists. Is it possible that 
the mineral now under consideration is a submicroscopie association 
of monoclinic and rhombic pyroxene ? The idea here thrown out 
was suggested to me in conversation by Prof. Eosenbusch. 

Eetuming once more to the general consideration of the pyroxene, 
wo observe that, so far as the ratios Ca ; Mg : Fe are concerned, it is 
intimately connected with the pyroxene of the Connecticut diabase 
and with that of a basaltic rock from the Faroe Islands. Both these 
pyroxenes show the same tendency to develop a laminated struc- 
ture parallel to o P. To what extent this tendency is connected 
with the composition I am, of course, unable to state. Two other 
points require attention. The ratio of E: E is greater in the 
Tyne-Head pyroxene than in that of the other two localities, and 
the amount of water is considerable. It is possible that the de- 
velopment of the laminated structure is connected with the addition 
of water. Thus the pyroxene of the Cauldron-Snout rock is less 
conspicuously laminated than that of the rock from Tyne Head, and 
it contains loss water. A comparison of the two analyses of the 
Whin-Sill pyroxene shows that the coarse variety is closely allied 
to, though not identical with, the common rock-forming mineral. 

Ojtaqxu Iron Oxide . — In the compact varieties, this substance 
occurs in the form of extremely minute specks, evenly scattered 
throughout the section. In the finely crystalline varieties it occurs 
in the form of grains, and in the coarse varieties in the form of ex- 
tremely irregular ragged masses. Many of the sections, however, show 
forms which are supposed to indicate ilmenitc (PI. XXIX. figs. 4,5, 
6, and 7), and the white alteration produced may often be observed. 
All the grains, which consist either wholly or in part of the opaque 
iron-ore, may be extracted from the powder by a weak bar-magnet. 
True ilmenite is not attracted by a strong electro-magnet. Owing 
to the extremely ragged character of this titaniferous ore, the grains 
extracted by the method above referred to are largely composed of 
felspar and augite. An attempt was made to purify the substance 
by treatment with hydrofluoric acid, but the result was unsatis- 
factory, as the substance itself was more or less decomposed with 
separation of titanic acid. An analysis of the impure substance 
yielded the following result : — 


SiO, 

32-16 

TiO, 

24-51 

A 1,03 .... 

. . . . 3-36 

Fe.O, .... 

.... 24-70 

FeO 

.... 26-54 

CaO 

4-40 

MgO 

1-49 

97-1 G 


This analysis leaves much to be desired ; still it will give some 
idea of the composition of the ore. Since augite occurs as a visible 
impurity, we shall probably not err seriously if we assume that the 
magnesia is wholly present in that mineral. Deducting, then, an 
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amount of iron oxide which corresponds to 1’49 per cent, of MgO, 
and assuming that the remaining iron is wholly associated with 
TiOjj to form the magnetic ore, we have the composition of this ore 
as follows : — Mol. Rel. 

TiO^ .... 24*51 33*30 4162 

Fe^Og 24*70 33*56 2101 

FeO .... 24*39 33*14 4611 

73*60 lW*'00 

Another sample from the same rock was partially analyzed. 
•6150 gramme gave *1635 gramme TiO.^, and *3639 gramme Fe^Og 
(total iron). If Ave assume that the total Fe is associated with TiO^ 
to form ilmenito (FoO TiO^-f wFe^Og), then we have as the composi- 
tion of the mineral — 

TiO., 31*90 

FeO 2S-72 

Fc/)g 39*29 

1 () 0-00 

These results can of course only be regarded as rough approxi- 
mations to the truth. In the second case no determination of FeO 
was made. In the lirst case this was done, and tlio result shows 
that there is more FoO than is recpiin^d to form the compound 
FeOTiO^ — that is, more than is required for true ilincuiite. 

The analysis and also the ])liysical pro] (‘rties of this substance 
agree with the assumption that we are ht;re dealing with a mixtuie 
of magnetite and ilmenito, and the ([uestion arises— Is there any 
evidence that these two minerals occur intergrown togetluT? Such 
evidence is supplied by the work of Iteiiard and Dela Valleo Poussin*, 
Neeft, and Klichj:. Kcof found, on treating a certain section of 
diabase Avith hot hydrochloric acid, that the opaque iron-ore was 
only partially destroyed ; a fine ludAvork, duo to Iaa’o ])arallel series 
of lamelhe of ilmenito intergrown so that tlie angles between the 
lamellae corres])onded to the angles of the fundamcuital rhombo- 
hedron of ilnieiiite, remaining bdiind. The mineral removed was no 
doubt magnetite, as this substance is inucli more readily attacked 
by hot hydrochloric acid than ilmenite. Kiicli obtained precisely 
similar results in the case of a rock from West Africa. Ilenard and 
De la Vallee Poussin figure such a mdwork as that referred to in 
plate i. fig. 6, of the work cited below. Lastly, the alteration of 
the Wliiii-Sill substance into leucoxene takes place along two sets of 
parallel planes (see PI. XXIX. figs. 4, 5, and 6). We may conclude, 
therefore, that Ave are here dealing not Avith one definite mineral, 
but with an intergrowtb of two, viz. magnetite and ilmenito. 

It is not a little interesting to observe that we have in this rock 
three separate instances of the intergrowt h of two minerals, viz. 

♦ Memoire eur les roches dites plutonienne . de la Belgique et de rArdenne 
fran 9 aiBe.” Memoires couronii^s de I’Academic Eoyale de Belgique. Tome xl. 

p. 50. 

t ^‘Ueber seltenere kryetalliniache Diluvium-Geschiebe der Marke,” Z. D. G. G. 
xxxiv. p. 470. 

J Beitrag zur Petrographie des west-africanisehen Schiefergebirges.” Min. 
Mitth. Neue Folge, vi. p. 129. 
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quartz and felspar, a monoclinic and a rhombic pyroxene, and inag» 
netite and ilmenite. 

Rhombic Tyroxene, — This mineral is by no means uniformly pre- 
sent, but where it does occur sereral sections may usually be recog- 
nized in the same microscopic preparation. In its most typical 
development it takes on the form of elongated prisms, and shows a 
much more decided approach to crystalline form than the prevailing 
monoclinic pyroxene. Two terminal faces meeting at an obtuse 
angle may sometimes be detected. In the fresh condition this 
mineral appears nearly colourless when examined by ordinary light. 

It develops a fibrous structure parallel with the long axis of the 
prism by alteration, and finally passes over into a green serpen tinous 
substance. Examined with a polarizer only, tlie longitudinal sections 
show a decided pleochroism, appearing colourless or of an extremely 
pale green when the long axis of the prism corresponds with the 
short diagonal of the nicol, and of a pale brown or reddish brown when 
the opposite relation holds. Longitudinal sections generally show 
irregular transverse cracks, and invariably give straight extinction. 
Another and a very characteristic feature is the low order of the 
intcrfercnec-colours under crossed nicols. Tn sections in which the 
augito constantly gives the brilliant ])inks and greens ot the second 
and third orders ot New^ton’s scale, the rhombic pyroxene gives the 
pale tints of the first order. In a sectio!i taken Irom a Middleton 
S 2 )ccimen I have observed intergrow tlis of the augitc and the rhombic 
mineral. Thus, one crystal of augite out ai)proximatcly parallel to 
the chnoi)iiiacoid, shows a thin lamella of rhombic pyroxene in its 
centre. Tlie latte]* niine? al gives straight extinction, and polarizes in 
the pale 3 cllow’ of the first order ; the foiiner mineral extingnishes at 
an angle of *13°, and polarizes in the brilliant green of the third order*. 
In another portion of the same slide two thin lamellae of angiie are 
seen to be endosed in a good-si/cd crystal of the rhombic pyroxene. 

Mhat name is to be ajqdied to this mineral? In the absence of 
more diiect optical or cluniical evidence the properties of colour 
and ])leochroism are the only ones available for the purpose of 
distinguishing betw cen ciistatitc, hronzile, and hypersthene. Typical 
enstatite appears devoid of pleochroism. Bionzite is slightly and 
hj^persthene markedly" pleochroic in thin sections. In other words, 
the depth of colour and the intensity of pleochroism increase with 
the amount of iron. Now^ the pleochroism of the mineral in question 
is decided, though much less maikcd than that of the hypersthene 
of the andesites, and therefore the term bronzitc seems to he the 
most applicable. It must he admitted, however, that we want a 
general term for the rhombic pyroxenes which are now being recog- 
nized in so many rocks, and which are incapable of precise deter- 
mination. Prof. Ilosenbusch uses the term “ Enstatite * to covet* 
the entire group. Prof. Tschermak t and Dr. E. Bedk;e t ^ tho 

* The quartz wedge described by Sorby in the * Monthly ICicrOBOQfiO^ ) 
Journal,’ 1877, p 209, was used for these determinataoaaii, 

t Lehrbuch der Mineralogie, 1854, p. 436. ^ 

X ** Leber die Unterscheidung von AugHimdBrotudliaPfhlffMUMBww’^ 

Mitth. Bandv. 1883, p. 627. 
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Wo have now to discuss the bulk-analysis of the rock. Two spe- 
cimens were analyzed — one a moderately coarse-grained variety from 
Cauldron Hnout, composed mainly of monoelinic pyroxene, felspar, 
magnetic iron-ore, and quartz, with a very small quantity of colour- 
less pyroxene, but no trace of bronzite ; the other a medium-grained 
rock from the crags near the Homan station of Bourgovicus, which 
contained both bronzite and the colourless pyroxene, in addition to 
the ordinary constituents. Both specimens were somewhat altered, 
the felspars having here and there lost their individual action on pola- 
rized light, and chloritic minerals having been slightly developed. 

The fine powder of the rock was dried at 110^*. The titanic 
acid in I. was determined with special care. 

For purposes of comparison 1 have placed two analyses of the 
Connecticut diabase, and one of a rock of similar character from 
Spitzbergen, side by side with my own analyses of the Whin Sill. 



I. 

11. 

III. 

IV. 

V. 

8iO.^ .. 

51-22 

50-71 

51-78 

52-68 

49-78 

TiO.. .. 

2*42 

1-92 

. . 

, , 

2-97 

A1..()3 . . 

14-0C> 

14-78 

14-20 

14-14 • 

14-05 

Fe^.. 

4-82 

3-52 

3*59 

1-95 

14-86 

FeO ,. 

8-73 

8-95 

8-25 

9-79 


MnO ,. 

0-16 

0-31 

0-44 

0-44 

0*13 

CaO .. 

8-33 

8-21 

10-70 

9-38 

9-44 

MgO . . 

4-42 

5-90 

7-(i3 

6-38 

5-65 

Kp .. 

Na/) . . 

1-25 

2*55 

1- 39 

2- 76 

0-39 

2-14 

0-87 

2-56 

}l-70 

ILO .. 

1-28 

1*78 

0-63 (loss) 

1-60 (loss) 

• • 

CO, .. 

0-10 

0-25 


, , 

• • 

P,0, .. 

0-25 

, , 

0-14 



Fe8, . . 

0-49 

, , 

. , 



Loss . . 

. . 



. . 

1-42 


99-67 

l((0-48 

9te8i) 


100-00 

Sp. Gr.. 

. 2-98 

2-944 

3-03 




I. Whin Sill. Cauldron Snout, Durham. Moderately coarse- 
grained variety. 

II. Whin Sill. Crags near Homan station of Bourgovicus, North- 
umberland. 

III. West Hock. W. of New Haven, Connecticut. Hawes, 

‘ American Journal of Science,’ 1875, p. 185. 

IV. Mount Holyoke, Massachusetts. Hawes. 

V. Diabase. Ganze Island, in the Eisfjord. ‘ Petrographisch- 
geologische Beobachtungen an der Westkiiste Spitzbergens,’ 
Min. Mitth. Heft iv. 1874, p. 264. 

If we assume that the magnesia in I. is wholly present in the 
monoelinic pyroxene (and microscopic examination shows that this 
assumption is very nearly correct, only a very small quantity of 
chlorite being present), we can then construct the following table, 

* In all the original analyses contained in this paper the powder was first 
dried at 110'^ C. 
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which represents quantitatively both the chemical and mineralogical 
composition of the rock : — 



Table illustrating the Composition of a Specimen of the TT7ii/i Sill from Cauldron Snouts Durham, 



6S6 y, H. osr THE CHEIIIOIL AKB 

The excess of alumina, iron, and water, and a portion of the 
excess of quartz, are no doubt due to the alteration which has 
taken place, kaolin and chlorite both being present. A large portion 
of the silica, however, no doubt represents free original quartz. If 
the felspar molecules were associated with each other to form a 
single mineral, the ratio of Na (K) : Ca would be, according to the 
above, 2*72 : 1. But lime has certainly been removed from the 
rock ; and if we allow for this, on the basis that the excess of Al^Og 
was wholly present in molecules of anorthite, then this would make 
the above ratio 1*58 : 1. The discussion of the bulk-analysis leads 
us, therefore, again to the conclusion that the original felspar, if of 
one species, was andesine. 

We cannot construct a table for the Bourgovicus rock, because 
the microscope shows that both bronzite and the colourless pyroxene 
occur, in addition to the common pyroxene. 

Relutions of the Whin Sill to other RocJcs, 

If we compare the rock of the Whin Sill with the dykes described 
in my former paper (Q. J. G. S. vol. xl. p. 209), we are at once struck 
with its resemblance to those of Hett and High Green. The figure 
which is given of the rock of the High Green dyke (I, c. pi. xiii. fig. 2) 
represents faithfully the general structure of the Whin Sill. The 
ilmenite of my former paper is, no doubt, the same mineral as the 
titaniferous magnetic iron-ore of the present ])aper. 

There are some very interesting points both of resemblance and 
diflference between the Whin Sill and the eniptive rock of Penmaen- 
mawr, described by Mr. J. A. Phillips (Q. J. G. S. vol. xxxiii. p. 423). 
These two rocks are composed of the same minerals, associated in 
very different proportions. Thus the freshest specimens of the 
Penmaenmawr rock are seen under the microscope to consist of 
bronzite* monocliiiic pyroxene with lamination parallel to oP, plagio- 
clase, titaniferous iron ore, and quartz, both in the form of grains 
and associated with felspar in micro-pegmatite. In the Whin Sill 
the monoclinic pyroxene is largely in excess of the bronzite ; but 
in the Penmaenmawr rock the reverse relation holds — the bronzite 
is very largely in excess. A comparison of the bulk-analyses shows 
that the Penmaenmawr rock possesses a larger proportion of felspar 
than the Whin Sill. 

Comparing our rock with the Carboniferous dolerites of central 
England we are struck by the absence of olivine. I have not seen 

* I think this is the mineral that Mr. Phillips referred to hornblende. I 
have not seen any hornblende in the rook, and at the time that Mr. Phillip’s 
paper was written the methods of distinguishing the costal-systems by reier- 
enoe to the extinction-angles was not well known. It is not surprising, there- 
fore, that he should have taken the pleochroic bronzite for hornblende. I 
may ttote that my attention was spedaliy directed to the . X^enmaenmawr rook 
by the follow!^ sentence in B^nbusch's work, *Die massif Gesteine,’ 
p. 352 : — Die T»ppe von Conway und von Penmaenmawr in Wales gehoren 
zu den enstatitfubrenden Diabasen und swar su den typiachesten B^ruen- 
tanten deraelboL” 
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a single instance of this mineral in the Whin Sill, although Mr. 
Allport mentions it as occurring in the rock from Ward’s Hill*, near 
Eothhury. 

Outside this country, the nearest allies to our rock that I can 
find are certain Swedish diabases described by Tornehohm t » ai^d the 
great masses of trap which occur as dykes and intrusive sheets in 
the Triassico- Jurassic strata of the Eastern States of Korth America 
I have a good series of the American rocks from New Jersey and 
Connecticut, and both macroscopically and microscopically they are 
in many cases identical with the Whin Sill. In mode of occurrence 
and chemical composition there is also great similarity. Lime- 
felspar, however, appears to be more abundant in the American rocks. 
Dr. Hawes separated the felspar substance, extracted from a rock 
from Jersey City, into two portions, one having Sp. Gr. > 2*69, the 
other < 2*69. The former, on analysis, proved to be labradorite, 
the latter andesine. 

It is not a little interesting to observe, near the opposite shores 
of the Atlantic, rocks with so many points of close resemblance. 


EXPLANATION OF PLATE XXIX. 

Fig. 1. A row of twinned crystals of the dominant pyroxene, cut at right 
angles to the c axis, from a coarse variety of the Whin Sill near 
Tyne Head. The forms and mutual relations of the crystals are 
accurately represented. In the actual specimen tlie interspaces are 
filled wit h decomposed felspar and a little micro-pegmatite. If we 
speak of the sections as approximately renlangular for purposes of 
reference, then the optic axial plane lies parallel witli the short side 
of the rectangle, which consequently represents the clinopinacoid. 
The long side of the rectangle is the ortbo-pinacoid, and the 
prismatic faces are represented by the slight truncations of the 
angles. The crystals are seen to be twinned with the ortho-pinacoid 
for the face of composition. x24. 

2. Section of twin crystal of the .same pyroxene cut approximately parallel 

to the clino-pinacoid. The striations of the two halves make with 
the twinning-lino angles of 76° and 73° respectively. The mean of 
these is 74° .30', and the angle (3 of augite, as given in Naumann- 
Zirkel’s Mineralogie, is 74° 11'. The two halves extinguish at angles 
of 42° 35' and 40° ^5' respectively. X 80. 

3. Sections of two imperfect pyroxenes with marginal hornblende. The 

external form of the hornblende and the characteristic cleavages are 
well shown. The minerals in contact with the hornblende are chlo- 
rite and quartz. X 24. 

4. 5, 6, 7 §. Forms of the magnetic titaniferous iron-oxide. The dotted 

spaces represent leucoxene. The mode of alteration reveals the 
structure of the substance. It consists of a framework of ilmenite 
lamellae with the interspaces occupied by a different substance, pro- 
bably magnetite. Middleton. x40. 


Quart. Joum. Oeol. Soc. vol. xxx. p. 552. 
t Neues Jabrbuch, 1877, p. 268. 

t W. Hawes, “ Trap Rocks of the Connecticut Valley,” Amer. J. Science, 
1875, p. 186. 

§ From a section kindly lent by Prof, Lebour. 
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45. A Sketch of fAe High-level Coal-fields of South Africa. 
By W. Henry Penning, Esq., F.G.S. &c. (Head March 5, 1884.) 

[Abridged.] 

The main high-level coal-fields of South Africa have an extreme 
length from north to south of not less than 400 miles ; the breadth 
at the widest part is over 200 miles, but the average breadth is 
about 140 miles ; therefore the coal-fields cover, wholly or in part, 
an area of about 50,000 square miles. The map (fig. 1) is in- 
tended to give only a general idea of the form and extent of the 


Eig. 1. — il/crp oj the Northern Part of the High-level Coal-fields of 
Soitfh Africa. 
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plateau, having a precipitous face to the south and east, and a gradual 
undulating slope to the north-west, cars^ed into broad deep valleys 
and rounded hills. 

The south and east margin is formed by the Stormberg and the 
Drakensberg mountains, wliich have a general altitude ranging 
between 6000 and 8000 feet, with occasional peaks rising to 9000 
or 10,000 feet above the sea. They liavo a ‘‘ drop” of about 2000 
feet, forming a precipice iuaccessilde, except by a few passes, on 
the seaward side. Tliere are iiiiinerous minor ranges and spurs, 
more or less transverse to the direction of the main lines. The 
highest i)art of the slo])e west of the mountain has an elevation of 
from 4500 to 5500 feet ; it is called the “ High Yeldt,” in the Trans- 
vaal, and forms the immense plains of the Orange Free State. 

Nearly all the chief rivers of S.K. Africa rise in these mountains 
(as well as the Orange river, which flows west to the Atlantic 
Ocean), drawing ilieir main su))])lies from the coal-bearing strata. 

The general contours of the area are shown upon the maj) by 
dotted lines, iiOOO, 4000, 5000, and 6000 feet above the level of 
the sea. 

This coal-b(‘aring formation rests unconformably upon a scries 
(or it may be more than one series; of rocks which, as regards tlio 
northern part of the ai\‘a, ui‘e ])rohably of U])])er Palmozoic age, 
and have been described as the “ IVI egaliesb(;rg beds.” Towards 
the south-west it ])robably overlies what luive ])een described as 
‘‘The Lower-Karoo beds,” also with an unconfonuiry. It has been 
called “ The lT])per Karoo but as the ])reak bet ween it and the 
“Low'cr Karoo” is of unknown extent, it Inis lajen considered 
advisable to term the shales which form the lower part, of it, ])ro- 
visionally, the “ Kimberley beds.” 

The “ Kimberley beds ” are a great seri(‘s of argillaceous de- 
2 )Osits, 'with few arenaceous and still fewer calcar(M)Us beds. 

The base of the formation, as seen about tin* junction of the Hart 
and Vaal riv(.Ts, consists of hal’d gieimish-grey shales, stained 'W'ith 
oxide of iron, (iuartziies l>elonging to older rocks are exjiosed in a 
valley a sliort distance to the north. 

In Kimberley diamond-mine the shales arc exposed around the* 
margin, and in shafts to a dejitli of »‘iO0 feet ; they rest u])Oii a 
mass of trup-rock, jjrobahly interhedded, and of unknown thick- 
ness. They are liere black, dark grey, and indurated, rarely more 
than a few’ inches in thickness, and 'W’Ciather to various shades of 
grey, brown, and red. There are also intrusive masses of diorite 
by which the beds have been locally disturbed — this, however, only 
for a short distance, and over the whole district they are virtually 
horizontal. 

About fifteen miles south-west of Kimberley, hard grey shales, 
in beds 2 or feet thick, arc seen in a quarry, w^hence this stone is 
taken for building-purposes. These have been indurated by con- 
tact with a dyke of traj) rock. 

At the “ illue-bank ” Drift, across the “ Diet river,” south of 
Jacobsdal, there is a fine exposure of dark-blue shales, some soft, 
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others hard, and with some thin slightly calcareous hands at in 
tervals. 

Hard grey fissile shales are exposed around the Koffy-Fontein 
and J ager^s-Fontein diamond-mines, and similar rocks about Philip- 
polis and the Orange river. 

The Kimberley shales continue over this district, and all the 
points are within 200 or 300 feet of the same level. Films only 
of coal and seams of hard shale with fossil ferns have been found 
near Kimberley. 

Towards the higher ground to the east the shales are somewhat 
different in character, at least as regards their weathering, due to 
the presence of a greater proportion of oxide of iron. Proceeding 
towards the Cape Colony, chocolate- and olive-coloured shales are 
met with ; and Mr. Stow states that “ red-chocolate shale is found 
underlying a sandstone zone near Bethlehem ’’ (Beport, 1879, 
p. 31). 

At this higher level beds of a more sandy nature become frequent 
in the shales, which pass graduallj^ U])ward into a series of fine 
and coarse sandstones with occasional thick-bedded grits and con- 
glomerates. It is in this series of arenaceous rocks that coal occurs; 
it is therefore assumed that the boundary-line of these sandstones 
represents the western limit of the coal-bearing area, with possible 
outliers as already suggested. This line passes from Bamboes Berg 
on the south, by Aliwal-North, to the Caledon river, west of Win- 
burg, and to the Yaal river above Bloemhof. 

In the northern part; of the coal-field (see map, p. 058) the sand- 
stones rest directly on the Megaliesberg beds ;” therefore they 
overlap the shales in that direction (without any unconformity), as 
shown in the section (fig. 2) along line A B on the rajip. The northern 
extremity of the shales beneath the coal-bearing beds is probably 
somewhere about the junction of the Yaal and the Wilge rivers. 

Throughout both series of the “ Kimberley beds ” and the coal- 
bearing sandstones, which for convenience may bo provisionally 
termed the “ Higli-Yeldt beds,” there are in ter stratified and intru- 
sive trap-rocks ; but as regards the shales, these have had little effect 
either upon their mineral character or their general horizontality. 

The persistent horizontality of these beds, both shales and sand- 
stones, is remarkable. The hills have been carved out of nearly 
level formations, the thickness of which may be approximately 
measured by mere differences in elevation. The fall in the base of 
the sandstones from near Middelburg (Cape Colony) to the Yaal 
river is equal to only of a degree — that is virtually level, and 
the shales have the same slight inclination (see fig. 3). The base of 
the shales at the Yaal river, near its junction with the Hart, is about 
3000 feet above the sea ; that of the overlying sandstones, on the 
line of strike from that point, is 5300 feet. The difference, 2300 feet, 
is the minimum thickness of the shales as they pass there under the 
sandstones ; whether the old surface of the Megalicsberg beds beneath 
rises or falls makes no material difference. Towards the south the 
shales may be much thicker ; it depends upon how far the Lower 



Fig. 2 . — Section from Kimberley to the KroTcodil River, along the line A-B on Map, fig, 1. 
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Karoo beds extend northward below them ; any such additional 
beds would thin out against the Megaliesberg beds before reaching 
this part of the Yaal river. 

The shales and the trap-rocks, of course, weather very difiPerently, 
the shales with a flat curve and rounded outline, the igneous rocks, 
when interbedded, forming steep “krantzes’^ or precipices; when 
occurring as dykes, with a rough stony outcrop resembling long 
lines of water-worn boulders. The rounded form of the loose stones 
is due to concentric decomposition and weathering ; this feature and 
their brown, frequentiy glazed, coating have together given rise to 
two wide-spread errors — that they are “ Ironstones” (as generally 
called), and that they are water-worn. Owing to this difference of 
weathering and the open nature of the country, beds and dykes may 
be distinguished by the eye, often for a distance of many miles, along 
the tops or flanks of the hills, although perhaps intersected by val- 
leys or by steep “ kloofs” (gorges), and falling into their proper place 
in outlying “ randts ” and “kopjes” (ridges and small hills). 


The “Iligh-Veldt beds” are mostlj^ horizontal sandstones, en- 
closing scams of coal, and vary in texture and hardness from fine- 
grained crystalline sandstoru's to coarse grits and conglomerates, 
and from soft arenaceous beds to a hard rock resembling “ Millstone 
Grit.” 

The general character of the lower coal-hearing part of the 
series Avill be gathered from the following sections ; and it appears 
that similar beds occur to a groat height above the lower bods, as 
the Siiccuwberg range (of Md\ich Compass Jicrg forms a part) con- 
sists of rocks (jf the same description. 

An estimate of the tliickness of these beds may be formed in the 
same manner as that cmplo3Td for the Kimberle^^ beds, that is, 
after making a slight allowance for dip by the mere diflerence of 
elevation. The base of the scries, north-east of Middolburg, is about 
5500 feet ; the Compass llerg has an elevation of 8000 feet above 
the sea ; deducting 200 feet from the difference (for the rise in twenty 
miles, at of a degree) the result gives a minimum thickness to 
the sandstone series of 2300 feet. 
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Tabular Comjiarison of the Terms used by some Authors, 
In descending Order, 


Dunn. 

Stow. 

Penning. 

Stormberg Beds. 

Upper Karoo. 

Upper Karoo {so-called). 

Cave Sandstones. 

Buff, pinkish, greenish - 
white, and groy, fine- 
grained, thick-bedded 
sandstones. 

loO feet. 

Uppermost Zone of La- 
custrine Beds. 

Coarse, rather friable, 
irregular-bedded sand- 
stones. 

High- Veldt Beds, 

As described. 

2300 feet. 

(Fragments of Sauroid 
bones.) 



Ticd Beds. 



Friable, red, and purple 
arenaceous shale ; fri- 
able red sandstone, 
mottled green, alter- 
nating w'ith grey fol- 
spathie sandstones. 

GUO feet. 



(Fossil wood in lower 
beds.) 



Coal-measures. 

Grey and light-coloured 
sandstones, generally 
felspathic, alternating 
with beds of shale, in 
which eoal-seanis occur. 
Conglomerate beds. 

KKXJ feet. 

(Oasts of jdants, fossil 
wood, &c.) 

(Coal, 800 to 400 feet 
aboTC the Upper Ka- 
roo beds.) 

Lower Tori ion of Upper 
Karoo Beds. 

Chocolate shales. 

(^rey shales, 

“ Black-band ” (Coal) 
shales. 

(14 ic Forest -zone is from 
GO to IhO feet above 
the coal.) 


Upper Karoo Beds. 


Kimherley Beds. 


1 

Olive- and chocolate- 
coloured shales. 

Dark blue and grey 
and greenish shales. 

2300 feet. 


Mr. Stow considered that ‘‘the great lacustrine scries, from 
fossil remains found in them, appear to he the equivalent of 
rocks similar to those called ‘Triassic’ in the northern hemi- 
sphere” (Report, 1878, p. 23). The only fossils I have seen in 
these sandstone beds are of a Glossopteris (?), in the sandstones upon a 
farm where the silver-lode occurs, referred to at page 666. Impres- 
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sions of ferns were observed by Herr Carl Maucb, in the sandstones 
at the mouth of the Zinkerboschrandt river, from which he inferred 
that the High Veldt might prove to be on a coal-bearing formation 
(‘ Jleisen im Inncrn von Siid-Afrika,’ 1805-1872). 

The h'orest-zone ’’ referred to in the Table is described by Stow 
as “ silicated wood imbedded in irregular-bedded coarse sandstones 
and grits, with various beds of light- colon red shales and sandstones 
occupying the upper ridges.” This fossil wood came under my own 
obsei’vation especially between Brandtbrt and Winburg. It forms 
a beautiful fossil, perfectly silicified, in various colours to deepest 
black, with the texture of the wood preserved in different tints. 

Mr. G. P. Moodie, the Surveyor-General of the Transvaal, stated 
that at llarrismith (about 5000 feet above the sea) there is a krantz 
of sandstone overhanging shales, in the uppermost of which are 
numerous fossil rei)ti]iiin n'maina. 

The volcanic rocks, luontioncd by Mr. Dunn as occurring in the 
“ Stormberg beds,’' are lavas, ash-beds, conglomerates, amygdaloids, 
and bombs in sandstone. 

The “ li lack-band,” as it occurs on the 8and river, near Win- 
burg, and as described by Mr. Stow, is included among the following 
sect ions. 


Sections. 

Commencing at Kowcastle, the sections will be taken in order 
around the outskirts of the coal-field, 'with occasional brief notes on 
sections towards its interior, following those upon the marginal point 
nearest to where they weie obseiTed. 

— As t he name implies, this has hitherto been considered 
the chief coal-district of tliis region, and, up to the present time, 
coal of better quality or in greater quantity is unknown. Baines 
gives the elevation here as 580tb and of the heights a few miles 
north of the tow n as feet above the sea. The word “ Coal ” 
is engraved on Jeppe's map, just above a point wdth an elevation of 
8815 feet, and hdow the mountains on the west, w^hich are 50G5 
feet. The coal-outcrops are therefore between 4000 and 4500 feet 
in this neighbourhood. Several mines are opened in seams of good 
coal from 8 to G feet in tliickness, whicli I have not seen, but which 
have probably been described by i)revioiis writers. 

Isear Lamfs JS’eJe . — Two seams of coal, from G to 8 feet in thick- 
ness. occur wdthin a few miles of this puss, where, at about 5000 feet, 
the main road from Natal to Pretoria crosses the Drakensbergen. 

Lebdtlasherg . — Coal, in a seam more than 10 feet thick, crops 
out along the flanks of these mountains, near Wakkerstroom (for- 
merly Martinus-Wesscl-Stroom), at 4000 feet or more above the sea. 
It is'dug also on the commonage of that town, a royalty being paid 
of half-a-crown a ton. The coal is of good quality, yielding only 7 
or 8 per cent, of ash. 
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Near New Scotland . — Lake Chrissie is situated at an elevation of 
5755 feet, and coal crops out in both its cast and west sides a few 
hundred feet lower down*. On the west side, near the head of 
the Vaal river, there arc at least four seams, from 4 to 11 feet thick, 
with thin beds of sandstone between. 

The High Veldt . — In some shafts sunk upon two farms near 
the edge of the ])lateau, by the road from Middclburg to the Komati, 
at about 5000 feet elevation, the following sections are exposed: — 


No. 

1 . 

No. 2. 


ft. 

in. 

ft. in. 


7 

0 

10 0 

Loose ground. 


10 

2 0 

Inforior, or fiue, coal. 

1 

(i 

1 () 

Black shale. 

2 

3 

+2 3 

Coid of good quality (not bottomed in shaft 


No. 2). 


At a pan south of the road about 12 miles cast of Middclburg 
are horizontal sandstones, grits, and ferruginous rock, and a breccia 
made up of shale, quartz, (S:c., with a protrusion of weathered trap- 
rock at the ]iorth-east corner t. 

A “krantz’’ (small preci]»ico) on the east side of the road from 
Heidelberg to the Tvaaj), wliero it crosses the Little Olifant's river at 
an elevation of ratlier more than 5000 feet, shows the following 
section : — 

ft. in. Coarse, rather ferruginous grit. 

Fine, white, fulse-bedded sandstones. 

1 0 LaiiiinaUul sandsloiio. 

1 0 Black shale. 

2 0 Coal, of good quality, but raueh weathered. 

1 0 Black shale. 

Coal, not bot tomed, water being thrown out by a hard 
rock below (? trap). 

Fine grit at lower level, seen in the river. 

A few hundred yards to tho north-west another spring points to 
the extension of tlie coal in that direction ; and about four miles south- 
west by the cross roads is another spring in dark peaty soil, present- 
ing similar indications. 

Seams of coal have been o])cned on the High Veldt in several 
places north of those mentioned, for instance, on the farms of H. 
O’Neil, J. Holzthiiis, and others, also by the “Blink Ban,” on. 
Nieukirk’s farm, one mile and a half N.N.W. of Koch’s store. 

Proceeding westward, a stream is crossed at an elevation of 4700 
feet, on both sides of which seams of coal crop out in several places, 
a fact which has given to the stream the name of Steenkool Spruit. 
The coal is associated with fine-grained sandstones and beds of 
iron-ore. According to Dr. Ateherley it resembles “ Arley Main,*' 
and the scams are from 6 to 8 feet thick J. 

^ According to Dr. Ateherley (‘Trip to Boerland,’ p. 219) there are two 
seams within a mile of each other, the upper one over 30 feet in thickness. 

t Around the margin of this pan a great number of stone-weapons may be 
found. 

J ‘ Trip to Boerland/ p. 219. 
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Some miles to the north, on Bridge Spruit (Landsberg’s), good 
smiths’ coal is said to have been proved and worked, the section 
being as under : — 

ft. in. 

11 0 Sandstono. 

10 Good bright coal, with thin dull layers. 

Between Steenkool Spruit and the Wilgc river some fine springs 
break out on the farm of Van Zwee] ; along one of the streams 
supplied by them, called “ l)wars-cn-dc-wcg,’*l observed fine-grained 
sandstones, with indications of coal not far l)eneath the surface. 
There are also beds of pisolitic and of finely granular iron-ore ; the 
latter is easily smelted by the naiiv(;s, and yields a good iron. 

Following the road north-west towards Tretoria, the Wilge river 
is crossed not lar from its source (4.S()2 f('et.), and coal cro]}S out 
along its banks here, on tlic property of Messrs. !Moodie, Kruger, 
and others. Just west of the road a heading has been driven some 
way into the hill, along a horizontal seam of good coal, from 4i to 5 
feet in thickness ; some of tliis coal has been sent all 'the way to 
Kimberley and sold at 4^15 a ton. 

About miles down the river, to the north, and at a much lower 
level, another seam has been opened just under the water-level, so 
that its thickness (a])parenlly ^ feet or more) could not be ascer- 
tained. The right bank of the river hero shows from 20 to JiO feet 
of crystalline sandst-ones, fine below, coarser aljove, in a horizontal 
position. The ridge above consists of coars(‘ grits and conglonuTate. 
About a third of a mile south these grits dip north-east 3^, and still 
further south arc some false-bedded grits, and a hod like the ‘‘ Mill- 
stone Grit ” of England, with a dij) similar in amount and direction. 

About 0 miles nort]i-W('st of the last coal-section, by the home- 
stead of the fai m upon which a silver-bearing lode has been opened, 
similar coarse grits are seen, dipping E.8.E. 20° ; hut a little further 
west the dip has decreased to 2'' only. Further w(vst, about 0 miles, 
by Tower’s canteen, rocks of similar character dip sharply to tlie 
N.N.E]. ; and a few miles south-east of this, along the road to 
IStanderton (by Smith's) arc again horizontal. 

AVhere the Wilge river joins the lihinoster-poort some good 
seams of coal have bc(n worked ; and sandstones and coarse grits 
occur a few miles further north, about tlie head-waters of the 
Eland’s river, wliere coal also will ])robahly be found. 

Passing from the sources of tlie Wilge river, over the watershed 
by the town of Heidelberg, where coal is known to occur, we 
approach tlie sources of the Klip river, upon wdiich, 24 miles from 
the town, and at an elevation of about 4300 feet, arc the mines of 
the “ Waldrift Coal-mining Company.” 

Vaal Jliver, — Although somewhat diverging from the method 
followed thus far, it may be repeated here that at the head of the 
Vaal-river valley (about 5000 feet) four scams of coal are known, 
from 3 to 11 feet thick, with beds of sandstone between. 

Next in order comes the Heilbron district (4300 feet), where are 
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the mines of the “ London and South- African Coal-mining Company,” 
of which the late Mr. G. W. Stow was the manager. These are 
the mines from which a great deal of coal has been taken, over 200 
miles, to the Diamond-fields, but they arc now stopped, owing to bad 
trade. The beds at Taaibosch Spruit (4200 feet) are described by 
Mr. Stow as follows (‘ Deport,’ 1871), p. 11) : — 

ft. in. 

Silt, clay, and gravel. 

1 2 Decomposed carbomiccoiis shale. 

S 2 Elaek carbonaceous shale, with leaf-impressions (some 
Ihthpo-amia). 

( 1 0 Dull coal. 

1 0 Bright coal. 

15tfeet^ 

10 Bright coal. 

10 0 Bright and dull coal intorlaminated. 

^ 1 4 Bright coal. 

At Boschbank tho bods aro very different {op, eit. p. 12), but 
“ between the two localities fhere is an extensive outcrop of igneous 
rock forming a vstoiiy ridge,” wliich may indicate a local fault, and 
thus account for the ditlerence in contiguous areas. “ The total 
thickness of tho coiuhined coal-seams found licre is from 3 feet 
6 inclios to 3 loot 1) inches, and black carbouaceous shale 5^ feet, 
considerable portions of wliich would be found to be rich as oil- 
shale.” 

Coal is asserted to have been found upon tlio farm “ Eloemliof ” 
in tliis district, the j)ropert 3 ' of ]Mr. C. C. Klo])pc. 

Near where the Dhinoster river falls into the Vaal, at about 
3800 feet, are the coal-mines of iho Orange Free State Coal and 
Iron Comjianj^ ; the seams are thick and of good (juality. Beneath 
the coal there is a thick hod of shale, so carbonaceous that it burns 
freely ; there is also a bed of clay-iron-stone, or “ Idack-band- 
ore,” which should be valuable in this (Fjsc connexion with coal. 

Coal has been found on Knook’s and several other farms iu this 
neighbourhood. 

There is said to be an outcrop of coal on Wolver Spruit, which, 
runs into tho Yaal from the north, not far from tho junction of the 
Yalsch river, and a few miles above Commando Drift. 

Just west of Commando Drift, at about 3050 feet, soft black 
shales, often micaceous, are seen in the banks of the river beneath 
fine and coarse false-bedded sandstones. At the time of my visit 
the water was high, so that the seam or seams of coal stated to 
occur in the bed of the river could not be seen ; but I have no 
doubt of the presence of the mineral. 

Coal crops out in a ‘‘spruit” near Hoffman’s Drift, a few miles 
further down the river, and must pass in under a “ krantz” 70 feet 
high, of fine and coarse sandstone, with a well-defined bed containing 
fossil- wood near the summit. 

Dark micaceous shales occur beneath similar sandstones, capped 
by the bed with fossil wood, at Leuw Krantz, a high precipice 
some few miles down the river. Further down, about the same 



668 


W, H. PENNING ON THE HIGH-LEVEL 


distance, micaceous shales are seen, tilted by a volcanic dyke, at a 
sharp bend in the river. 

There were good indications of coal observable at Bcmhoe’s 
Spruit ; and since the time of my visit its discovery there has been 
reported. 

It has been asserted that coal occurs as far down the Yaal river 
as Bloemhof ; but this is doubtful, although it is reasonable to 
suppose that there may be remnants of scams that once stretched 
further westward upon the higher lands around the town. The 
Vet river joins the Vaal a few miles above Bloemhof, and about 
12 miles from the junction there are good evidences of coal, which 
would, however, at the Drift where these were observed, lie below 
the bed of the Vet river. 

Near Winhvrcf . — At Sand Siwuit, something over 5000 feet, the 
“ Black-band ” occurs, and is described by Mr. Stow as under 
(‘ llcport,^ 1878, p. 33) : — 

in. 

/ (*> Coal. 

5 Black carbonaceous shale. 

The -Black-band”^ Blilck" Zle. 

I 2^ Flaky coal. 

I, h-i Coal. 

12 Slatc-coloured shale, full of plant-impressions 
{Gloi^o'pferiSy Pal<po 2 :cnnia, Rubidgea, ic.), and 
containing iroii-py rites. 

1 Coal. 

Shale as above. 

At Brai^dfort (south-west of IVinbiirg) the “ Forest-zone ’’ of 
Mr. Stow is seen on many of the hills, and can be trneed for long 
dislanccs, the surface of the ground below being strewn with many 
fragments of the silicified wood. Acccj)ting his estimate as correct 
for this locality, coal should occur on the flanks of the hills or in 
the valleys at about 100 feet below. 

At Comet Spruit ^ at an elevation of over 5000 feet, Mr. Stow 
observed “two scams of coal, the one 9 inches, the other varying 
from 9 to 15 inches thick, with a belt of black carbonaceous or oil- 
shale from 2 to nearly 3 feet thick between them” (‘ lleport,’ 
1878). 

Burr/ersdorf . — Upon several farms a few miles cast of this town, 
and at about 5000 feet elevation, is a seam of coal, proved upon 
Leuw Vlei to be 4^ feet thick, by a drive 00 feet into the hill. 
The mineral somewhat resembles anthracite ; it is hard, heavy, and 
dull, and gives a great heat, burning wdth a small bluish flame. The 
formation is sandstone, and there is much intrusive trap-rock in 
the locality. 

At a somewhat higher elevation, and about 30 miles south of 
Burgersdorf, is the Bamboes Berg, a mountain near the summit of 
which are several coal-mines. The most important of these is on 
the farm “ Cyfergat,” 5400 feet above the sea, where a drive has 
been opened, about a thousand yards from the foot of a bill 800 feet 
high, which discloses the following section : — 
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in. in. 

Hard Sandstone (about 20 feet thick). 

7i Coal. 

4 Sliale. 

8.} Coal. 

4 Shale, 

4 CoaL 

6 Slialo. 

1 (’oal. 

6 Shale. 

IGJ Coal. 

Fire-clay (about 5 feet). 

Coal 3 11.1.4 in. 

(The beds dip to north-east at about 1°.) 

The one-inch seam, being poor, is not used ; but without this 
the aggregate thickness of good coal exceeds *3 feet. It is hard, 
bright, and bituminous, and yields about 23 per cent, of ash. The 
bottom layer is the best, about 7 inches of it being pieked out for 
smiths’ work, and equal, it is said, to any imported coal. There 
is much iron-oro on the surface here, and Mr. 1). W. Jones, the 
manager for the (Jyfergat Company, says in his ‘ lleport to the 
Directors,’ dated 30th June, 1S83: — “ In sinking a well on the flat 
below the cottages 1 discovered a scam of hcinalitic iron-ore, con- 
taining 50 per cent, of metal.’’ 

MoJtcno . — About 3 mil(?s north-west of Cyfcrgat, and at about 
200 feet lower level, are the mines of the (treat Btormberg Coal- 
mining Company, upon the farm “ Paarde-Kraal ” and the town- 
commonage of Molteno. A drive into the side of the Molteno 
hill shows : — 

in. in. 

Hjird Sandstone. 

8 Co;d. 

4 Shale. 

6 Coal. 

6 8bale. 

14 Coal. 

Sandstone. 

Coal 2 ft. 4 ill. 

(Beds horizontal, or nearly so.) 

The Molteno coal yields, it is said, 33 per cent, of ash, and is 
very hard, hut answers w'cll for steam purposes ; that from Paarde- 
Kraal is more like the Cyfcrgat coal in quality. 

Coal crops out on several other farms in the Bamhoes Berg, in 
3- to 4-foot scams, similar to that from Molteno or Cyfcrgat. On 
one farm, called “ ritkyk,” east of Cyfergat, there is a hill 600 feet 
feet higher than the mines, on which occurs an outlier of coal 
3 feet thick, under sandstone, and about 2 acres in extent. 

This hill overlooks a deep “ kloof” or gorge, opening to the east 
and about 1800 feet in depth ; part way down, perhaps 200 feet, 
some seams of coal crop out, which may be the same as those 
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worked in the mines at Cyfergat. At the bottom of this gorge, on 
its north side, a 4-foot seam of hard coal has been worked which 
dips sharply to the north ; the workings were abandoned owing to 
the difficulty of dealing with the water. 

Noting the great difference in level between this and the other 
sections in close proximity, and the fact of the beds here being 
greatly tilted, whilst at the higher point (as generally throughout 
the area) they are horizontal, 1 am inclined to regard the preseiice 
of coal-beds here as due to a fault or scries of faults, with a main 
dow n throw to the cast. 

At Indwe^ about 20 miles east of Dordrecht, a seam 11 feet thick 
has been mined by several hundred yards of drive between a floor 
and a roof of massive sandstone. The seam consists of about 7 feet 
of good coal, with shale partings, the upper 2 feet being of excel- 
lent quality. 


It was stated above that coal has been found outside the boun- 
daries of the High Veldt coal-fields. One of tlie places is to the 
north of lioshof and about 3U miles east of Kimberley. If the 
report bo correct in fliis case, it will ]>robably be found that the 
coal occurs either as an outlier of the sandstone or as a very small 
local seam in the lower (Kiinberlev) shales. 

Bright cannel-like coal lias been taken, I was also informed, 
from the neiglibourhood of Bethiilie, and used at the Jager s-Fontein 
Diamond-mine. 

Sandstones similar in appearance to those of the known coal- 
bearing series occur between Philippolis and Colesberg, which may 
indicate a former extension of that series down the Orange river ; 
hut it is douhtfiil if tlic coal itself extendi'd far in that direction. 
A similar remark apidies to the sandstones between the Modder 
river and Kiniberh'y. 

A scam of bright coal, only 1 inch in thickness, occurs in the 
Doom Hock, west of Bamhoes Berg, in the Zuurbcrgen. 


It is well known that coal occurs at a much lower level in Natal 
on the east side of tlie Drakensberg, but I liave had no oi)portu- 
nity of examining into its relation to the subject of this paper. It 
may belong to a more recent formation, or it may have been thrown 
down by a large fault or series of faults, the presence of which I 
sus})cct along the steep eastern side of that range. 

Mr. A. C. CTuttwell, F.G.B., assures me that beds of the same 
character as those of the High Yoldt occupy all the lower ground 
as far down as Pietcrmaritzbiirg, and down to about 1000 feet 
above the sea, with a Tertiary flow of lava over all, and that these 
rocks all dip to the south-west. 

Coal occurs to the west of the ‘‘poort’’ by which the XJmbelosi 
river p^ses through the Lehombo mountains. It is known also 
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in the Oudsthorn, thus approachina: the southern extremity of the 
continent. 


The most northern point in the Transvaal at which coal has yet 
/cen observed is on the Letsobo river, where Carl Mauch disco- 
vered a seam 2 feet in thickness. 

Hiibnor ** records the occurrence of slightly upheavcd sand- 
stones, with imperfectly preserved remains of plants (which very 
likely belong to tlie Ivuroo formation), south-east of Shoshoug — that 
is, between tlic Serorume and Jjmj)oi)o rivers ; also, much further 
north, in lat. 20'" S. and long. 29^^ E., of rather brittle, horizontally- 
stratilicd sandstones, whicdi show petrified woods. 

Arc tlieso latter j)erhaps of the same age as the sandstones 
which Livingstone found at Fungo Andongo (lat. 9^ 4U' S., and long. 
15° 30' E.) at almost the same altitude, viz. 4000 toot, and in which 
he found petritied palms, or those near 'Jeto (hit. 10° 10' 8., long. 
33° 35' E.) at an altitude of 1500 feet, Avhieh show horizontal layers 
of coal covered by strata of petriti(wl pahiis and Coniferio ? (Jep])e, 
‘ A'otes on the 'Iransvaal ’). It this bo so, it would indicate an 
extension of the main liigb-h‘vel (^oal-field a long wa}' towards the 
interior, with a coal-iield at a lower level on the east, in an exactly 
similar relative position to that on the seaward side of the Drakens- 
berg. 


In conclusion, a few inferences may be briefly drawn from the 
above notes. 

1. The coal-bearing rocks, although broken and disturbed in 
many places, are, upon tlio whole, nearly horizontal, tlie l)ase of the 
formation resting on a slightly inclined ])lano, upheaved in some 
places, let down in others, by the intrusion of dykes, the influence 
of which has extended to no great distance. This is proved by the 
almost perfect coincidence of the coal outcro])s and the boundary of 
the coal-bearing series with the contour-lines of the country. 

2. The slight divergence of these lines from the contours shows 
that the basal plane is inclined somewhat more in the northern than 
in the southern part of the area, forming a gentle anticlinal from 
east to west across tlie centre ; also that it is depressed westwards 
towards the Vaal river: but the divergence from horizoiitalit}^ is 
so slight that it may be due either to upheaval or to inequality of 
deposition. 

The sections described show that : — 

On the east the coal crops out from Newcastle to the north- 
east corner of the High Veldt, at an elevation of from 4000 
to 5000 feet. 


See Petermann’s * Mittheilungen.* 
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It falls gradually across the northern rivers and along the Yaal 
to above Bloemhof, from 5000 to 3500 feet. 

And (as shown on fig. 3, p. 661 from the Cape Colony to the 
same point, from 5500 to 3500 feet. 

3. This approximate coincidence of the outcrops and contour- 
lines all around the high-level coal-fields, broken only by local 
fractures, indicates the continuity of beds similar to those exposed 
at the outcrop throughout the intervening area, interrupted pro- 
bably by local disturbances, but quickly resumed. Therefore it 
may be safely concluded that seams of coal equal to those exposed 
in the sections occur (with small local exceptions) over the whole 
of the vast area upon the map 

4. Although there is no evidence from deep shafts or borings, it 
is more than probable that there are many seams at different hori- 
zons in the lower part of this formation. This is indicated by the 
occurrence at different levels of horizontal seams, without any indi- 
cation ot fault-s between, as, for instance, in the sections about the 
head of the Wilge river.. 

5. The relative position of the basal plane at any point may be 
approximately ascertained by drawing a line through that point to 
the outcrop on either hand, and allowing for the proportionate rise 
or fall. The depth to the lowest coal-bearing rocks at such point 
will be the difference between the height of the basal plane thus 
ascertained and the surface-elevation. 


Discussion. 

T. Bupert Jones remarked that it was unfortunate that all 
Mr. Stows observations had not yet been published in detail. In the 
present paper the author liad brought together many useful observa- 
tions ; but he thought it W' as to be regretted that each W'riter on 
bouth-African geology should think it necessary to make alterations 
in the names applied to the deposits. Mr. Bain’s “Great Karoo’' 
formation hud by degrees nearly disappeared. 

Mr.^ W. T. Blaneord said that there were two points in the paper 
to which ho thought attention should be called. One was practical. 
Ihe evidence of the seams scarcely justifies the conclusions stated 
as to the mineral wealth of the country. It is an error to suppose 
that beds of coal are continuous over great distances because they 
are so throughout comparatively small areas. Moreover, the 
quality and thickness of seams are very variable even over moderate 
areas, especially w’hen the roof is of sandstone. Then as to the 
geology: — these beds are spoken of as lacustrine, but he thought 
there was no evidence upon this point, and that the beds are more pro- 
bably Bubaerial and fluviatile. He could not agree with the author, 

* In Dr. Atcherley’fi book, * A Trip to Boer-land/ I find t hat at p. 220 h© 

irr* ^ doubt that the whole High Veldt is one iinmeuse 

coal-field. 
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that the evidence brought forward indicated a subaqueous origin 
for the trap. Horizontal intrusions are very common in sandstones 
and coal, and, as a general rule, very slight alteration is produced by 
them. 

Hr. Exton said, that the configuration of the country favoured 
the idea that the same lacustrine conditions had formerly existed in 
the south as were now present in central Africa. He called attention 
to a prognostication by Mr. Eain, that a great volcano would be 
found to have existed between the Orange and Yaal rivers, the 
evidence being the trap which remained on the summits of the 
table -mountains in that region. The Diamond-mines are now worked 
within the old volcanic chimneys. Dr. Exton further called 
attention to Mr. Stow's observations on the relative distribution of 
red beds and coal -bearing rocks, and to his belief that coal, which 
was first found in the south-east of the jdateau, wmuld also crop out 
in the north-west — a view since confirmed. Coal has been worked 
in the Orange Free State; but the carriage is too costly. The 
author’s description of the country as one vast coal-field was an 
exaggeration. 
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46. Fossil Ctclostomatoitb Bbtozoa from Attstralta. By Arthitr 
Wm. Waters, Esq., E.G.8. (Read June 25, 1884.) 

[Plates XXX. & XXXI.] 

I HAVE already described in the Journal of this Society the Chilo- 
stomatous Bryozoa from Curdles Creek, S.-W. Australia (vol. xxxvii.). 
Mount Gambler, South Australia (vol. xxxviii.), Bairnsdale, Gipps- 
land (vol. xxxviii.), and Muddy Creek, Waurn Ponds, and Bird 
Rock, Victoria (vol. xxxix.). But the Cyclostomata I kept back, in 
order to deal with them all tojs^ethcr ; and since I completed my 
last paper I have received for description from Prof. Tate an inter- 
esting collection from Murray Cliffs and Aldinga South Australia, 
and all are now considered together. I have also in my hands a 
collection of fossils (belonging to IMiss E. C. Jelly) from Napier, 
New Zealand, to which I allude in the text. 

The determination of the Cyclostomata presents much greater 
difficulties, and is much more unsatisfactory than that of the Chilo- 
stomata, as there are fewer characters which can bo used, so that 
classification has been made to depend })rincipally upon the mode of 
growth — a character which has frequently proved of no value in the 
Chilostomata. Until within a recent period this was in both con- 
sidered the main characteristic ; but now, thanks to the labours of 
Smitt, IJincks, and other recent workers, it has been shown to be 
of secondary importance in the classification of the Chilostomata, 
which, however, possess many distinctive characters, such as the 


* The Chilostomata from tlio “older Tertiary ” of Alfb'aga and the Eivor 
Murray Cliffs aro -yery similar to those already describod from the other 
Australian localities; and although they liave not yet been thoroughly exa- 
mined, a provisional list will show this similarity: — 


Membranipora cylindriformis, W., 
M. Cl. 

radicifera, HweJes, M. Cl. 

rhynehota, Busk, M. CL 

aperta, Busk, Aid. 

Micropora patula, W., Aid. and M. Cl. 
Monoporelia crassatina, W., Aid. and 
M. Cl. 

sexangularis, Goldf., Aid. 

Steganoporella magnilabris, B., M. Cl. 
Cribrilina terminata, W., M. Cl. 

ligularis, Johnst., M, Cl. 

radiata, Moll, M. Cl. 

Microporella elevata, Woods, M. Cl. 
and Aid. 

cosoinopora, Bss., M, Cl. 

symmetrica, W., M. Cl. 

introversa, W., M. Cl. 

Mi'Toporella (Lunulites) magna, 
Woods, Aid. 

Porina coronata, Bss., Aid. and M. Cl. 


Lepralia burlingtoniensis, W., Aid. 
and M. Cl. 

edax, Bzesk, M. Cl. 

depressa, var. as from Bairns- 
dale, Aid. 

Sinittia Tatei, Woods, Aid. and M. Cl. 

seriata, Bss., M. Cl. 

Schizoporella simplex, var., Aid. 

vulgaris, Afoll, Aid. 

phymaiopora, Bss., M. Cl. 

stria tula, /Sm., M. Cl. 

feneslrata, W., M. Cl. 

Mastigopbora Dutertrei, y4?fd., M. Cl. 
Rliynchopora bispino8a,Jc>4wi»7f., M. 01. 
Retepora. 

Cellepora fossa, Hasw., Aid. and M. Cl. 

verruculata, Sm., M. Cl. 

Lekythopora hystrix, MacG., M. Cl. 
Lunulites guineensis, Busk, Aid. 
Selenaria maculata, B., M. Cl, 

parvicella, Woods, M. Cl. 
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form of the cell or zocBcium, together with the shape of the aperture 
(which is, perhaps, best indicated by the shape of the operculum) ; the 
presence, in a large number of cases, of a suboral pore or suboral 
avicularium, giving, in their various modifications, useful characters ; 
and the position and nature of the avicularian and vibracular appen- 
dages furnish further means of recognition, though their presence or 
absence does not seem in all cases to be of much importance. 
Besides these we have the ovicell, which by its form frequently gives 
most valuable characters ; and the shape, position, and number of 
the rosette-plates are also, where available, of the greatest value. 

Before turning to the description of the Australian Cyclostomata, 
I have, during the last few years, spent a great deal of time in 
examining whether there are not other characters, besides the mode 
of growth, which may he used ; and although the results are not 
encouraging, yet by means of more careful observation I believe 
that it will ultimately be possible to arrive at a more natural system 
than obtains at present. It will be best to consider the structures as 
far as possible in the same order that was adopted in discussing the 
characters of the Chilostomata. 

The zooecia being all tubular and quite simple, there is no varia- 
tion here corresponding to the various 8hai)cs of the Chilostomata ; 
and again, as the form of the a])crtiirc is always round or slightly 
elliptical, the only character here available is that of size (pointed 
out as useful by 8niitt some years ago), which seems to be fairly 
constant in tbe same species. The variation in size is not very 
great, ranging only from about 0*03 millim. to 0*2 millim. in all 
species measured, but anything greater than 0*10 millim. or less 
than 0*07 millim. i very exceptional. There is also no operculum, 
which gives such useful characters in the operculated division ; but, 
on the other hand, the zooecial lubes are closed Tip by a calcareous 
plate, usually at a short distance from the aiierture ; and in a paper 
on the “ Closure of the Cyclostomatous Jiryozoa ’’(Journ. Linn. Soc. 
vol. xvii. p. 400, pi. xvii.), I have pointed out that the position 
of these closures, together willi the nature of the ])crforation8, is 
a character of considerable importance, although it is neither so 
available nor so important as the horny operculum. 

Among the Palaeozoic fossils there is in one or two a structure 
which may re])rcscnt the suhoral pore or avicularium ; and as long 
as we do not know the signification of the “ adventitious tubules ” 
of Diastopom obelia &c., we may be justified in asking if they may 
not possibly have had an homologous origin. 

No Cyclostomata have avicularia or vihracula, and there does not 
seem to he any structure to in any way take their place. 

The ovicells are of the greatest value, but, unfortunately, are not 
found so frequently as in the other suborders. As yet but very 
few have been described, and with fossils the number known is ex- 
tremely limited ; but this to a certain extent arises from their 
having been neglected ; for in my collection I have a much greater 
number of fossil ovicells than the total number which have so far 
been described fossil. 
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In a large number of Cyclostomata the ovicell is a nearly globular 
or pyriform sac, as in Grisia ; in others it is an irregular inflation, 
partly enclosing some of the zooecia ; and in nearly all these cases 
the wall of the ovicell has small pores, of the same size as those in the 
zocBcial wall, but much closer together than in any other part 
of the zoarium. In Idmonea radians, Lamk., however, there is a 
much more elaborate structure ; for here the front has large ridges 
and large openings, but at the side there are plates surrounded by 
raised borders, and these plates are perforated by very numerous pores 
placed close together*. In Hornera the ovicell is usually, or perhaps 
always, on the dorsal surface ; and as this is the case in Idmonea, 
irregularis, perhaps it should be removed to Hornera, for which 
there seemed before some reasons ; in other genera the ovicell occurs 
on the front. 

In the Lichenoporidm the ovicell is, as a rule, an irregular infla- 
tion ; but in a specimen of Lichenopora which no doubt is L, novee- 
zelanditv. Busk, the ovicell is considerably raised, and occupies the 
whole of the centre of the zoarium. The central part of this raised 
ovicell is flat, and is surrounded by a raised meandering line, and 
in this flat portion there is a semicircular opening. 

There is considerable variety in tlie form and size of these ovi- 
cellular openings, and it seems that this character should always be 
given, if possible, in describing any species. The opening is very 
frequently infundibuliform ; sometimes directed forwards ; in other 
cases, as Tuhtdlpora, sp., directed backwards. In Hornera lichen- 
oides, Smitt, and in my specimens of IL frondiculata, the opening is 
lateral ; but Mr. Busk gives it as superior. 

The next character of the Chilostomata mentioned was that fur- 
nished by the rosette-plates, and I Ijavc shown tliat there is a great 
detail variety in the way in which the connexion bet ween the various 
zooecia takes place throiigli these rosette- plates. In the distal wall the 
number of these plates varies from 1 to 4, and in the lateral wall from 
2 to 8 or more ; and further, the rosette-plate itself varies in shape and 
size, and also in the number of openings or connecting-points. Having 
made preparations of the rosette plates of a large number of species, 
I find that almost all show some characteristic points, and consider 
that they furnish most useful specific characters ; but in the Cyclosto- 
mata there arc no rosette-plates, and so we are led to ask What is the 
equivalent of so important a structure? and can it be used in classifica- 
tion ? In order to answer this question, I have pre])ared a large num- 
ber of sections of the calcareous framework of recent and fossil Cyclo- 
stomata, and find that in the walls of the tubular zooecia there are 
usually two kinds of pores or openings : first, the very small ones 
which open to the exterior of the zoarium, and these we will call 
surface-pores ; it is these which cause the dotted surface familiar 
in Grisia, most Idmonece, Tubuliporoe, Stomatoporce, Entalophorce, 

* From Naples I have an IdTnonea, perhaps 7. iriforis, Hell., with very 
curious ovicells. In the place of a series of zooecia there is a raised chamber, 
in shape like the bag of a bagpipe, with a few large pores on the surface, giving 
it much the appearance of the ovicell of Hornera frondiculata. 
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FilisparscB &c. ; and further, I find that the size (0*008 millim.) 
of these pores varies but very little, having preparations of recent. 
Tertiary, Cretaceous, and even PalsBozoio forms of many genera 
showing scarcely any variation in this respect. This structure is well 
shown in sections figured by J. Beissel, especially in pi. x. fig, 127, 
in his paper “ Ueber die Bry. der Aachener Kreide,’’ Nat. Yerh. HoU. 
Maat. Weten. Haarlem, xxii® I)eel — a most valuable work, which does 
not seem to have received the attention it deserves. These, I take it, 
are the homologues of the much larger pores in the front of nearly 
all Chilostomata, which there also cause the zooecial ornamentation. 
Besides these, there are in the interior of the Cyclostomatous tube 
much larger pores, and these I have found to occur with a certain 
amount of regularity, and ai)proximately at certain distances apart ; 
BO that when a zooecial tube is cut open correctly along its axis, 
one or two rows of these pores arc seen, and the position of the 
rows and the distance apart of these interzooecial pores seem to be 
of specific importance. Having noticed this much, it is not un- 
natural to consider these pores the homologues of the rosette-plates 
of the Chilostomata, and U])on mort; careful examination we find 
support for this view. This can best be studied where the pores are 
long, as, for instance, in H cAeropirra 'peWicvIata f, Waters, in which a 
diaphragm or ifiate, seemingly jicrf orated in the centre, occurs in 
the middle of the pore-tube (see Plate XXXI. fig. 24) : and thus it 
seems entirely to correspond to the simplest of the rosette-plates 
among the Chilostomata. 

As already indicated, probably the typical distance and the order 
of these pores will in most cases be distinguishable ; yet there is not 
an absolute regularity, and it must be remembered that in the 
Chilostomata when the number of rosette-plates increases so docs 
the irregularity ; when there are four or six lateral plates it is by 
no means uncommon to find that one of these is rejdaced by two 
smaller ones ; but then upon examining the walls of two or three 
cells the typo can he made out. 

In such genera as Entahphora Ac. there are always the fine 
surface -ijores t, although sometimes from the state of i)re8ervation 
or fossilization this is not apparent, and a great number have been 
incorrectly described as without this structure ; but in some genera, 
such as Horncra^ some Idmonea', such as Idinonea radians, and a 
number of others both living and fossil, there are, over part of the 

* There arc3 also sucli pores on llie dorsal surface of Lichenopora ; and as 
tills dorsal surface is attached to stones, &c., it is in such cases difficult to 
understand their use. 

t There is no doubt at all that IJ. 7i€o-zelanica, Busk, is only a synonym for 
H. pcUiculata. The New-Zealand specimens, for which I am indebted to Prof. 
H. A. Nicholson, had evidently been dead some lime, and the exterior was slightly 
stained and corroded ; but the interior was well preserved, and the internal 
characters are identical in these and the Japan specimens ; and the difference 
in the shape of growth is not greater than in the series of Japanese specimens 
in the British Museum. 

J In recent Idmonea Milneana, these ** dots ” are raised ; but here also they 
are perforated, as pointed out by Mr. S. O. Bidley, so that this only indicates 
an elongation of tlie pore-tube. 

Q. J. G. S. No. 160. 2 z 
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surface at any rate, and sometimes over all, larger openings giving a 
peculiar ornamentation to the surface ; these large surface-openings 
do not, however, enter directly as such into the zooecial tube, but at 
the base there are one or more minute openings leading to the zooecial 
cavity (see PL XXX. fig. 8). In Idmonea radians these large 
exterior openings all occur at the junction of two zooecia ; and in 
some Hornerod^ as H, reticulata^ the posterior surface is divided into 
reticulations, in each of which there is one or more of these large 
openings. 

Still another character which may he of some use in testing the 
correctness of classification is the presence of “ numerous minute 
rays ” (Crag. Polyz. p. 1 22) in the zooecia and canaliculi, or as I 
called them in LicJienopora radiata (Bry. Naples, p. 276) “ delicate 
hair-like teeth,’’ which occur in several Llclienoporce and then have 
globular terminations. 

In Heteropora peUiculata^ Prof. Nicholson has figured them (Ann. 
& Mag. Nat. Hist. 1880, p. 8), but he does not seem to have noticed 
that they had globular terminations, though in sections made from a 
specimen which he kindly gave me I find this to be the case (see 
PI. XXXL fig. 28). 

In what 1 call Heieropora cervicornis (Eecent Heterop. Journ. B. 
Micr. Soc. vol. ii. p. 392), which MacGillivray has since described as 
Densipora corrupata, there are short obtuse teeth inside the zooecia, 
and in some Cyclostomata these are still further reduced, so that the 
inner surface appears irregular without definite teeth. This is, 
however, a character that will probably but seldom be available in 
studying fossils. 

The examination of the Chilostomata has shown that the mode of 
growth is in most cases of secondary importance, and that the form 
of the zooecia must be considered as of far greater value. This not 
unnaturally leads us to see that with the Cyclostomata also slight 
differences of growth must not be used as generic characters ; but 
we must not allow this to carry us too far, though what has been learnt 
in the Chilostomata will convince us that so long as the classification 
of the Cyclostomata is based upon so few characters we may yet be 
far from a natural one. 

Such characters as whether there is one layer of cells, as in the 
Lepralice of the older writers, or two, back to back, as in EscJiara^ or 
whether the zoarium is reticulate, have been unhesitatingly abandoned 
as of no generic value ; and in the same way there are reticulated 
Idmonea?,^ Hornerev, Filisparsa^, and many other genera, and the 
differences between Diastopora, and Berenicea or Mesenteripora 
cannot be considered as very great ; but in the Cyclostomata there 
are some such characters as the occurrence of definite bundles of 
zooecia in Frondipora, Fasciculipora^ &c., which must be looked 
upon as of far different importance, and in the same way the presence 
of interspaces *, forming cancelli, between the zooecia does so far 
seem a character of great value, and these seem to indicate a different 
origin of the zooecial tube. 

* By using the word “ interspaces” it will be seen that I do not accept Prof. 
Nicholson’s suggestion that the cancelli were occupied by a set of zooi^.” 
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There is in certain Chilostomata a tendency for one layer of 
zocecia to grow superposed upon the preceding one, as, for instance, 
in Schizoporella sanguinea, Micropora impressa^ Moll. In Nodelea^ 
from the Chalk, this is also the case, and upon this peculiarity the 
genus Multinodelea was founded ; but from specimens of Nodelea 
angulosa I collected from the Chalk of Koyan it is clear that it 
occurs in both forms, and the same thing is frequently found in the 
Cyclostomata, and probably should but seldom be used as a generic 
character. 

In a specimen of Diasiopora lamellosa, Mich., from the Oolite, 
there is the usual growth, consisting of two layers of zocecia growing 
back to back, but on one side there are two other layers superposed 
on the original one. 

This is not the place to fully discuss the various classifications 
of the fossil Cyclost^omata, but none yet seems at all satisfactory, 
beginning with d’Orbigiiy's, although many of the principles adopted 
were undoubtedly good, yet he carried it out so unsatisfactorily that 
what is good in it has been too much nc^glocted ; and coming next to 
Busk’s in the Crag Bolyzoa we certainly cannot now accept any classi- 
fication which separates under two t|uite distinct divisions Pimtulopora 
and Spiropora, the one falling under the section ‘‘cellnlis distinctis ” 
and the other under that ‘‘ ccllulis indistinetis,” and 1 must confess 
my utter inability to understand in the least wbat tliis division 
means, and what it is based upon. Again, while DimyporeMa and 
Defrancia are united in one family, Fnngella^ Fvomlipora^ and 
Fa^cicnlaria are placed in three ; and a study of Mr. Busk’s synop- 
tical table cannot fail to leave us impr(!ssed with tlie difficulty of the 
classification ot the fossil Cyclostomata. Jlefore the third i)art of 
the catalogue of British -Museum Hryozoa was written, Smitt’s 
classical work had appeared, and of course was to a large extent 
followed ; but 1 am inclined to look upon the removal of Defranda 
from the rasciculinjc as a slip on the part of Mr. Busk. 

I^'ext comes the work of my frhmd Afr. Hineks ; but the range 
of recent British Cyclostomata is so small that it does not help 
us much in considering general classification. I certainly cannot 
follow him at present in separating Jfornera from Idmonea in the 
families HorneridoB and TubuJii)oridm. 

Although it would be impossible here to give a complete history of all 
that lias been attempted in the way of arrangement, we must mention 
the efforts of Dr, H. Hamm ; but certainly the thesis (Dio Bry. dcs 
Mastr. Ober-Senon. 1 Th. Cyclost. Berlin, 1881), does not deal with 
the difficulties in a way which recommends itself to my mind ; for it 
is not new genera and families that are wanted, but to show the 
connexion of those now used, instead of creating on a slender basis 
fourteen new genera of fossil Cretaceous Cyclostomata, where genera 
already exist in overwhelming superabundance ; and further his third 
tj’pe, the Stigmatoporina, is certainly doubtful, as it is largely, if not 
entirely, composed of Chilostomata*, Mtdtelea magnified and 

* Elea, Myriosovm and some others may possibly have to be grouped together 
as a division of the Chilostomata ; but, with opercula and avicularia, they have 
nothing in common with the Oyclostomata. 

2 z 2 
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others having distinct avicularia ; and probably Melieentites should 
be entirely abandoned. On the other hand, however, Dr. Hamm has 
done service in showing the importance of the manner in which the 
new zooccia arise in the colony. 

Mr. Vine has brought together in the British Association Eeports 
a vast amount of material bearing upon the classification of Cyclo- 
stomata up to the age of the Cretaceous, and it must be of great use 
for future workers. For my own part I much doubt if we are yet in a 
position to frame anything approaching to a natural and final classi- 
fication of the older forms ; but this opinion may arise from my 
extremely small ac(|uaintance with Palaeozoic Bryozoa ; but neither 
do I think we have nearly arrived at that poinl, with the recent and 
neozoic forms, and until this is the case we can hardly expect to be 
quite sure about th(^ older ones; and I have* oft(m urged u])on my 
friend Mr. Vin(‘ that; more information concerning the minute struc- 
ture would be most valuable from so good a worker. 

For my own part T must at present be content with making 
known further material which should be of some use in assisting 
towards more dthnite ideas of the grou]), and while T have given 
some indications as to various directions for investigat ion, a collection 
like tlie present, when? many arc not perfectly pn'sorvcal, wh(‘re few 
have ovicells, and where there is often only an isolated specimen, is 
not favourable for testing any system. 

However we attempt to arranges the Cyc^lostomata, the divisions 
are found not to be very distinct, and many of th(^ genera generally 
accepted must be discarded. To take an example, the growth of a 
typical ISj)irojn>ra, such as S, vcriicillaia ^ may seem marked enough to 
form a genus S^nropord ; but in several si)ecimens of Spiropora con- 
ferta^ Ess., from Abal di Loni.e, there are ]>arts of the colony where 
the complete circle of zooccia is most ty])icaL whereas in other 
parts of the same colony the cells are arranged irregularly quincun- 
cially, and this is especially the case near the bifurcations. Here part 
of the colony might be determined as Spiropora con ferta, Ess., and 
the other part as EntalopJioixi jmlchelJa, and on this account I have 
dropped the genus Epiropora and united it to Entalopliom ; again, 
Filisparsa comes yeiy near to EntalopJi ora ^ and in its turn Filisp)arm 
approaches such a form as Idmonea irreendaru-, Mcneg., which is 
most difficult to place, as sometimes the cells are so distinctly serial 
as to give it every ai)pcarance of Idmonea, while at other times the 
appearance is that of Filisparsa ; but the ovicell of the Mediterranean 
Filisparsa is on the front of the zoarium, and that of I. irregularis 
on the dorsal surface, which would seem to indicate that it should 
probably be relegated to lloruera. 

The available characters in the Cyclostomata being much fewer 
than in the Chilostomata, we are on this account not likely to find 
the first as useful paleontologically ; and further as they are less 
highly differentiated, it should not surprise us to find them more 
persistent through various periods; and Entalophora vertidllata^ 
which may be said to be as simple as any known form, consisting as 
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it does of the zooecial tubes placed round an imaginary axis, each 
row having the openings at equal distances with the regularity 
of vegetative repetition, occurs widely from the Palaeozoic to these 
Australian beds. 

For the same reasons we cannot feel as sure that similar specimens 
from widely separated strata arc identical, since there may have 
been differences in the organic structures which have left no record, 
and th(irefore there is more uncertainly than witli the Chilostomata, 
because the correlation of a number of characters is a justification 
for considering the species identical. On the other hand I consider 
that so long as no difterence is discoverable, the name already adopted 
must bo used, however great the interval in space or time may be 
between the two. This may seem an unnocessary remark, for with 
shells and other fossils it is generally recognized ; but the contrary 
mode of proceeding has occurred frequently with authorities on the 
Bryozoa; for instance, Ulrich names a fossil (a new 

genus and species ), because no Entalophoridie are ‘‘ known to occur 
in older strata than ,1 ui'assic.’' On ])ago ficSo, 1 refer to this as 
appartjiitly not difiVa'ing from tlu^ European Uhalk fossils. Again 
Dr. Fischer (in Bry. Echin. et Foram. ]>. protests vigorously 
against giving the same name to specimens from different latitudes, 
and stiU moia; if from Sc^iondary or Ikirtiary (le])osits. This he 
considers dangcTous, and that we should doubt the perfection of 
our means of investigation. 

The results, liowever, obtained by the leading workers during 
the last ten years have shown what an extremely surprising wide 
distribution many of the common and highly develo 2 )ed Chilostomata 
have ; and to me it seems that to give two names to what we cannot 
distinguish because one is European and the other Australian, or 
because one is of Tertiary age and the other of Secondary, is only 
hiding our want of knowledge behind a name. Certainly one of the 
reasons that make d'Orbigny’s ‘ Palcontologie Francj.aiso ’ so difficult 
to use is, that however much the Ibssil Bryozoa might correspond, 
yet, if from diflerent strata, they were almost sure to receive two 
christenings. 

In the fossils now described many are found to have a wide range, 
and this has already partly been dealt with ; but another factor lies 
in the fact that the genera of Cyclostomata to be mentioned are, 
apparently, mostly not shallow-wmter forms, whereas many of the 
Chilostomata no doubt lived at a less depth. With the exception 
of occasional Crisur, Tnhallporai^ and Siomatoporoi^ I did not find 
any Cyclostomata in the Bay of iVaples in shallow water; and it 
seems that most of this suborder are found in comparatively deep 
water. This may arise to a large extent from the difference in 
structure, as probably the greater protection given by the horny 
operculum makes the Chilostomata more able to live in the shal- 
lower, and consequently more disturbed and less pure water ; and 
any fauna from a deep zone is likely to be more persistent than one 
nearer the surface. 

The various collections furnish 34 species, of which 12 at least 
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are known living, and most of the rest are closely related to living 
species ; and no doubt the number of tliese would be much larger 
if the living Cyclostomata had received adequate attention. One 
cannot be distinguished from a Palaeozoic fossil, while nine are, as 
far as examination is available, identical with European Cretaceous 
s])ecics, and most of the others have Cretaceous representatives, from 
which they differ but little. But stress has already been laid on the 
want of details for comparison and classification ; and although so 
many show in the calcareous framework so close a resemblance to 
those found in the European Chalk, yet no one is at present able to 
say that there have not been differences which wa cannot now 
distinguish. 

This, including a few additions in the list of the Chilostomata in 
l^rofessor Tate’s collection, brings the total number of Australian 
fossil Bryozoa discussed up to 11)7, of which 9t) are already known 
living. 


1. Crisia unipora, d'Orb 

2. Idmonwa atlantiai, F. 

8. Miliieana, </’Or6 

4. nwlians, Lamk 

6. nochstettfriana, St 

6. bifrotiH, nov. sp 

7. Kntaloi)hora verticillata, ... 

8. raripora, d'Orb 

9. neoconii enais, J’Orft 

10. Kilisparaa orakiMcnsis, Stol 

11. llornera frondifulaia, Lami 

12. foliacea, MacG. 

18. StomatoiK)ra uranulata, M-Kd 

14. Diastopora suborbiculnris, if, 

16. ])atina, Lamk 

16. Rcticulipora, sp 

17. trans(!nnata, nov. sp 

18. Disootubigcjra clypeata, La-mx 

19. iterata, nov. an 

20. Pavotubigora flabellata, d'Orb 

21. dimidiata, Rus 

22. gamhierrnsiH, nov. ap 

23. Dttfranoia exaltata, nov. ap 

24. Supcruytia digitata, d'Orb 

26. Faaciculipora, sp 

26. Fascit'.olaria conjuncta, nov. sp. ... 

27. Lichenopora hispida, Flem 

28. radiata, 

29. aldingenaia, nov. sp 

80. oochloidea, 

81. boletiformia, d’Orb 

82. variabilis, rf’Orft 
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8.8. Heteropora, ap 696 

34. aldingensia, nov. ap 696 
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Crisia. 

There arc fragments from Curdics Creek representing more than 
one species, some of which may be C, ehuniea and 0. elonyata ; but 
I am unable to identify the broken joints. 
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1. Crisia tjnipora, d’Orb. PL XXX. fig. 1. 

Idmonea unipora, d’Orb. Pal. Frang. p. 737, pL 613. figs. 1-10. 

Grinina unipora, d’Orb. Prodr. p. 265. 

Grinina elegans, d'Orb. Pal. Fr. pi. (only) 613. 

A specimen from Cnrdics Creek is undoubtedly the same as d^Or- 
bigny’s, though a trifle larger, nearly | of a millimetre, instead of 
and the zooecial tubes project rather more. Whether this is to 
belong to Idmonea, Filiaparsa, or Grisia is very doubtful. The 
puncturing is the same as that of some Grisicp from the same locality, 
but the distance apart of the zooceia is about double as groat as we 
find in most recent Gridiv, in wliich it is usually only a little greater 
or less than 0*25 millim., though in Grisia cornuta the distance is 
sometimes as great as in the fossil, in which it is about 0*45. On 
the other hand, the closure of the zocccial tube is terminal, whereas 
ip Filisparsa and Idmonea it is a little distance down the throat of 
the zooocial tube. If it is to be looked upon as a Grisia, then it is 
interesting to find it unjointed ; but if it is considered a Filisparsa, 
then it is interesting to find the regularity of a Grisia. Width of 
zooecial aperture 0* 1 millim. 

Loc. Senonien: Fecamp (8oine-Inf. ) ; Vendome (Loir-et-Cher) ; 
Curdies (.Jreek, Australia. 

2. Idmonea atlantica, Forbes. 

Idmonea radians, V. Een. (non Lamk.) Ery. do la Mer du Xord. 
Bull. Erux. xvi. ])t. 2. p. (>46, pi. i. figs. 4-6. 

Idmonea inconstans, 8tol. Foss. Bry. Orak. Eay, p. 116, pi. xviii. 
figs. 7, 8. 

For synonyms see Hincks, Brit. Mar. Polyz. p.451 , pi. Ixv. figs. 1-4. 
The distance of the series of zooceia apart is from ()'(} to 0-8 millim., 
which is about the same as figured by Hmitt (Krit. Fort. pi. iv.). 
The main character seems to be that the zooecial openings are all on 
the U])per part of the branches, so that at each side the lower part 
is without zooecial tubes. There are some stouter fragments which 
at first I thought should be called I. serialis, Stoliezka ; but it seems 
as though they should only bo considered a stouter variety, and 
perhaps may be /. australis of MacGillivray and I. liaeata of Hage- 
now and Manzoni. I do not see that 7. communis (d’Orb. pi. 760. 
figs. 6-10) differs in any structurtd ])articular from the present 
species. 

In a specimen from Eairnsdale the oviccll which occurs near the 
bifurcation is elongate-pyriform, embracing the zooecia, about 1*5 
millim. long, and the position of the ovicell is the same in the typical 
I. atlantica and the stouter variety. 

Loc. Living : Arctic and European seas ; North Atlantic ; Florida 
(/Sfm.): Madeira (/.). Fossil: Miocene, Eisenstadt, Steinabrunn, 
{Manz) ; Astian and Sicilian of Sicily {^eg.) and Pruma (A.W.W.) ; 
Canadian Postpliocene (Dawson); Orakei Bay (Stol.) ; Curdies Creek, 
S.W. Victoria ; Mount Gambier, Eairnsdale. 
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3. Idmonea Milneana, d’Orb. 

Idmonea Mihieana^ d’Orb. Voy. dans rAmer. Merid. vol. v. p. 20, 
pi. ix. figs. 17-21 ; Smitt (?), Floridan Bryozoa, p. 8, pi. iii. figs. 14- 
J 6 ; Busk, Cat. Mar. Polyz. j)!. iii. p. 12, pi. xi ; Haswell, on Cyclost. 
Polyz. Port Jackson, Proc. Ifinn. Soc. N. H. Wales, vol. iv. p. 351 ; 
MacGillivray, Zool. of Victoria, decade vii. p. 29, pi. Ixviii. fig. 1 ; 
Busk, Note on Foss. Polyz, near Mt. Gambier, U. J. G. S. vol. xvi. 
p. 20J ; Bidley, Zool. Coll, of ‘ Alert,' Proc. Zool. Soc. 1881, p. 5(i. 
Jdmouexi Giebdi^ Stoliezka, Olig. Bry. von Latdorf. p. 81, pi. i. 

fig. 6. 

Idmonea Giebdiana, Stol. Foss. Bry. Orakei Bay, p. 115, pi. xviii. 
figs. 4, 6. 

Idmonea notomale^ Busk, Cat. Mar. Polyz. pt. iii. p. 12, pi. xii. a. 
The specimens from Curdies Creek show the minute pores on the 
front and dorsal surface to be (juite similar in size and frequency. 
Although tin’s is widely distributed, the ovicell is, as yet, onlj’’ 
known in the (kipri specimen, in which it occurs very little raised, 
mostly in the centre of the zoarium, embracing the zooecia. Zoarium 
0-8-- 1 *5 millim. wide, width of zocecial tube about 0*15 millim. The 
thickness of the margin of the tube must, t o a large extent, depend 
upon thci locality of growth. In a specimen from Mt. Gambier, in 
the collection of Mr. Etheridge, jun., there is a spine on the dorsal 
surface, as described by Mr. Bidley. 

hoc. Living: lies Malouines (<rO/’6.), Terra del Fuego; Pata- 
gonia, 30 fathm. ; Chonos Archi])elago ? (i?.); Florida? (^m.) ; 
Sydiu^y {Ham,) ; IVmt Phillip Heads, Victoria, 10-15 fathm. 
{MacG,)\ Tom llay, S.W. Chili, 0-30 fathm. {likUey) ; Capri. Fos- 
sil: Oligocene, Latdorf ; Orakei Bay {Stol.), ]^It. Gambier, Curdies 
Creek, Bairnsdale. 

4. Idmonea radians, Lamk. 

Retepora radians, Lamk. Anim. sans verfy. ii. p. 383. 

Idmonea radians, Stoliezka, Foss. Bry. d. Orakei Bay, p. 116, 
pi. xviii. figs. 9-10. 

I thus name, with some doubt, a few delicate specimens from 
Mt. Gambier, about 0*3 millim. wide, and with the series 0*d— 0*5 
millim. apart. 

5. Idmonea Hociistetteriana, Stol. PL XXX. figs. 12, 13. 

Crisinallodistetteriana, Stoliezka, Foss. Bry. der Orakei Bay, p.ll3, 
pi. xviii. fig. 3. 

Branches of zoarium triangular; zooecia projecting in alternate 
series of 2-3 zooecia, long pores down the centre of the zoarium, 
and also along the centre of the zooecia; dorsal surface slightly ridged, 
with long pores in longitudinal lines. 

This is related to Idmonea radians, Lamk., a living species, which 
is more slender ; and the series of zooecia are in that species nearer 
together. There arc in I. Hociistetteriana at least eight double series 
of zooecia without any fresh bifurcation ; whereas in my specimens 
of J. radians the branching is much more frequent. 
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The ovicells are. unknown, hut in I, radians they occur at the 
bifurcation as an elongate raised protuberance, with very large 
pores on the front, between which there are irregular ridges ; at 
the sides there are two large areas surrounded by a double line, and 
these areas are perforated by a very large number of minute pores. 

I am doubtful whether Crisina I/ochsietterlana, Smitt, from 
Florida, is identical with the fossil, though it is, at any rate, closely 
allied to it ; but neither of these are closely allied to /. niarionensis, 
Husk. 

Loc, Orakei Bay (Stol .) ; Curdies Creek, Bairnsdalo. 

G. Idmonea bifeons, nov. sp. PI. XXX. figs. 10, 11. 

Tubi(fera disticJia, d'Orb. Pal. Fr. p. 72*1, pi. 74G. figs. 2-(). 

Idmonea disticJia, Hag. Pry. Haastr. p. 30, pi. ii. fig. 8. 

Zoarium nearly round, slightly compressed lal orally, with series 
of 7-10 zooecia on each side of two mesial lines, one of which must 
be considered as on the front, the other on the dorsal surface, series 
0-7 milbm. apart ; zooccia fairly exserted, diam. 0*1 millim. 

The genus Talnt/cra was made by d'Orbigny for forms of which 
this is tlie most typical, and there seems to have been much confusion 
concerning that genus and also this sjH5ci(‘s ; for it is not the same as 
the Idmonea named dlsilcha by (ioidfuss, Iteuss, Manzoni, or 
Michelin. Lf the genus Tii/dffcra is n^tained, tlien perhaps Bisid- 
monea, d’Orb., should bo joined with it. The figure of Idmonea 
{lietepora) disticJia, Ooldf., apparently lolates to two or three species, 
but certaiidy not the present; and subsecpieiitly d’Orbigny calls the 
Idmonea duticha of lleuss Crisina disticha, so that he uses the 
specific name in two of his genera ; but now both are considered to 
belong to Idmonea, 

This looks like a coimccting-liiik between the Spiropora form of 
Entalophora and typical Idmonar. It differs from most Idmonem 
by the series nearly meeting at the back, so thtat there is no dorsal 
surface. 

Loc. Les Loches (Loir-ct-Cher) (c/'Or/>.); Maestricht {IJacf,)^ 
Aldinga. 

7. ENTALOrUOKA VEKTICILLATA, Goldf. 

Ceriopora verticillata, Goldf. Petr. Germ. i. p. 30, pi. ii. fig. 1. 

Spiropora anticpia, d’Orb. Pal. Fr. p. 710, pi. 015. figs. 10-18, 
pi. 745. figs. 15-19. 

Spiropora neocomiensis, d’Orb. loc. cit. 708, pi. 784. figs. 1, 2, 

Spiropora verticillata, Xovak, “Bcitr. z. Kenntn. der Bry. der 
bohm. Kreide,” Denkschr. k. k. Akad, Wien, vol. xxxvii. p. 34, 
pi. viii. figs. 7-15^. 

Spnropora calamus, Gabb & Horn, Monogr. Foss. Polyz. Second, 
and Tert. Form, of N. America, p. 166, pi. xxi. fig. 55. 

Mitoclema cinctosa, Ulrich, Amer. Pal. Bry. Journ. Cincinn. Soc. 
Hat. Hist. vol. v. p. 159, pi. vi. figs. 7, 7 a. 

For further synonyms see d’Orbigny and Novak. 

Specimens in the collections of the Geological Society and of 
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Mr. Etheridge, jun., are exactly similar to some I have from the 
Valangian of St. Croix (Jura), and also to specimens collected from 
the Chalk of Maestricht and of Roy an. The internodes are about 
0*1 millim. long, and there are usually 8-10 in a complete circle. 
The ovicells are as yet unknown. The size of the Palaeozoic form is, 
according to Ulrich’s description, about the same size as the European 
specimens, 

Loc. This species was very common and widely distributed in the 
European Chalk. It is found in almost all localities in the Senoiiian 
of France and Relgium and also in the Cretaceous of H. America 
7/.), in the Planer of Plauen and 8trehlen {Nov.\ in the Green- 
sand of Essen, in the Valangian of the Jura, and in the Trenton 
strata. High Bridge, Kentucky {UJr,). Mt. Gambier. 

8. Entalophora RARiroRA, d’Orb. 

Entalo^iliora raripora, d’Orb. Prodr. Pal. Strat. p. 267 ; Pal. Erang. 
p. 787, pi. 621. figs. 1-3, pi. 623. figs. 15-17 ; Beissel. Bry. 
Aachener Kreidcbildung, p. 82, pi. x. figs. 120-128 ; Kovak (pars), 
Beitr. z. Kenntn. d. Bry. der biihm. Kreide, p. 32. 

Piisiulojtora vinjula^ Hag. Bry. Miistr. p. 17, pi. i. fig. 3. 

Entalopliora imuensu^ d’Orb. Pal. Prang, p. 781, pi. 616. figs. 12- 
14. 

Entalophora aitenuata^ 8tol. Bry. von Latdorf, p. 77, pi. i. fig. 1 ; 
Rcuss. (?) Bry. Crosaro, p. 74, I>1. xxxvi. figs. 1, 2. 

Entdlopliora ammale, Manzoni, Bri. Mioc. Austr. ed Ungh. p. 10, 
pi. ix. fig. 33. 

Entalophora Jlaastiana, 8tol. Bry. Orakei Bay, p. 102, pi. xvii. 
figs. 4, 5. 

Pastulopora prohosdded^ Busk, Cat. Mar. Polyz. pt. iii. p. 21, 
pi. xvii. a (right figure). Also Milne-Edwards ; Heller ; and Waters, 
Bry. of Bay of Naples, Ann. & Mag. Nat. Hist. ser. 5, vol. iii. p. 274, 
1870. 

I have prepared sections of recent specimens, and also some from 
the Chalk, Miocene, and Pliocene, without being able to find any 
difference. The aperture is about 0*16 millim. diam. 

Loc, Fossil : From the Valangian of St. Croix and Pontarlier 
(Cant.Vaud), general in the European Senonian. Miocene : Austria, 
Hungar}", and Italy. Pliocene : Italy, Sicily ; also from Orakei Bay 
(JStol,), Curdies Creek, ^ifuddy Creek, Bairnsdale, Mt. Gambier, 
Aldinga, and River Murray Cliffs. 

0. Entalophora neocomiensis, d’Orb. 

Pntalophora ^leocomieiisis, d’Orb. Pal. Fr. p. 782, pi. 616. figs. 15-18. 

? B{diasto 2 ^or a neocomunsls yd' OrhAoc. cit. p. 800, pi. 784. figs. 9- 

11 . 

Orieopora 2 >ulcJiella^ Rss. Polyp. Wien, p. 40, pi. vi. fig. 10. 

Sjnropora pulchella^ Rss. Foss. Anth. u. Bry. von Crosaro, p. 287 
(75), pi. xxxvi. figs. 4, 5. 

Pustulopora pidchella^ Manzoni, Bri. del Mioc. Austr. ed Ungh. 
p. 11, pi. ix. fig. 35. 
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Bidiastopora Toetoeana, Stoliczka, Foss. Bry. der Orakei Bay, 
p. 100, pi. xvii. figs. 2, 3. 

The zofficial tubes are about 0*08-0’09 millim. in diameter, and 
there is about 0*0 millim. distance bctu een the aperture of a zoce- 
cium and the following one on the same axial line. Some s]>cci- 
mens that I collected from St. Croix and Tontarlier are over 0*1 
millim. in diameter, and 1 have still larger specimens which are 
identical with Bidiastopora neocomiensis, and sometimes they are 
quite compressed, and these seem in the Jurassic fossils to indicate a 
transition from the | -millim. Enfalopliora to the large Bidiasto- 
pora. 

A specimen from Curdies Creek is slender (()-5 millim. diara.), 
with only few zooocia round the zoarium ; bid. some specimens from 
Bairnsdale are twice as large, and consequently have more zocecia. 

Loc, Fossil: Valangien, St. Croix and Poniarlier (Jura) 
{A, W. W.). Miocene: Austria and Hungary, and Crosaro, Val di 
Lonte (Bss.); Orakei Bay (-S'/.), Curdies Creek, Mt. Garabier, Bairns- 
dale, and Muddy Creek. 

10. FiLISPARSA OIIAKEIKNSIS, Stol. 

Filisp>cirsa oral-eirnsis, Stoliezka, Foss. Bry. der Orakei Bay, p. Ill, 
pi. xviii. figs. 1, 2. 

The zooocial tubes are about- 0*08 millim. in diameter, which is 
about half the size of those of F. iuhulosa^ from the Mediterranean 
and from Hol])orn Island, Australia. J now find upon examination 
of specimens, that F. iahalosay Busk, and F. variayis, Itss., are 
closely allied, if not identical. 

In a badly preserved specimen from Mt. Gambicr there is a raised 
Bubglobular ovicell on the dorsal surface, near tlui bifurcation, with 
the aperture terminal. This ovicell, consisting of a distinct chamber, 
corresponds with that of Idrnoma ? irrerpdaris^ Menogh., while in 
Filisparsa tuhulosa tlie ovicell i.s on the fj-ont surface, and instead of 
being a distinct chamber, is an irregular enlargement. The ovicell 
is only known in these two s})ecies of Filispay'sa^ and i)Ossibly when 
more arc known they will have to be differently classified. In the 
recent Australian Filisparsa^ the closure, which is near the end of 
the zooecial tubes, has minute perforations just similar to the sur- 
face-pores. 

Dr. Jullien* proposes to make a new genus Tet'via for the Fili- 
sparsa of d’Orbigny ; but I do not see what reason there can be for 
this change of name. 

Loc. Fossil: Orakei Bay (-S"/oZ.) ; Curdies Creek, Bairnsdale, and 
Mt. Gambier. 

11. Hornera FRoxnicuLATA, Lamx. 

Horner a frondiculata, Lamouroux, Expos. Meth. p. 41, pi. 74. 
figs. 7, 8, 9 ; Busk, Crag. Polyz. p. 102, pi. xv. figs. 1, 2, pi. xvi. 

* Dragages du Truvailleu** ; Bryozoaires ; Bull. Soc. Zool. de France, t. vii. 
1882, p. 500 
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fig. 6 ; Cat. Mar. Polyz. pt. iii. p. 17, pi. xx. figs. 1, 2, 3, 6 ; Waters, 
Bry. of Naples, p. 275. 

Homera porosa^ Stoliezka, Olig. Bry. von Latdorf, p. 79, pi. i. 

f. 3. 

Prom the Hi ver-M array Cliffs there is a well-preserved specimen 
which exactly corresponds with some recent ones I have from 
Naples, and this served as a key to the Curdies-Creek collection, from 
which there are a number of fragments, which, viewed separately, 
might have been considered as representing several species. Towards 
the growing end the ridges forming the lozenge spaces are smooth, 
whereas towards the base they are transversely nodulated. On the 
dorsal surface this nod illation occurs equally in the younger and 
older portions. In some cases the mouths of tho tubes are much 
exserted, and often cut uv^ay towards the dorsal end, thus giving a 
bifid appearance ; in otlier parts they are entire, and sometimes 
scarcely at all raised. The closure, with one pore, is near tho ter- 
mination of the zomcial tube. This is closely allied to, if not 
identical with, Jlornera verrucosa^ Hss. (Septarienth. p. 81), and it 
is also allied to IT. stnata and H. lichenoides. 

Loc. Oligocene : Latdorf. riioccne : of Italy and Sicily, English 
Crag; Curdies Creek, Itiver Murray Cliffs, Bairnsdale, Mt. Gam- 
bior. Living : Meditorranean. 

12. Hornkra FOLiACRA, MacG. PI. XXXI. fig. 18. 

Jlornera foliacea, ^lacG., Australian Polyzoa, 11. 8oc. Viet. 1868, 

p- n. 

lletihornera foliacea.^ Busk, Cat. Mar. Polyz. pt. iii. p. 11), pi. xiii. 
figs. 1, 2, pi. xix. 

Zoarium in lletihoniera-torm. In the fossils the aperture seems 
to be about 0*04 to 0*05 millim. broad ; the fenestra) are sometimes 
as much us 1*8 millim. long and 0-4 millim. broad. According to 
Mr. Busk's figures the fcjiestrie were rather shorter in the specimens 
he represents. 

The transverse tubules do not seem to liave any oral apertures, 
though as they often arise from the immediate vicinity of the aper- 
tures in the main branch, it frequently appears as if they belonged 
to the transverse bar : but this is not the case. 

Loc. Living: Portland Ba}"; Wilson’s Promontory ; Tasmania 
(MacG.). Fossil : Bairnsdale, Mt. Gambier, lliver Murray Cliffs. 

13. Stomatopora granulata, M.-Edw., var. minor. 

There is a small specimen of uniserial Stomatopora from Baims- 
dale, with aperture about 0-06-0*07 millim., but from one such 
specimen it is impossible to speak confidently about the identifi- 
cation. A specimen in my collection, from the Valangien of St. 
Croix, which 1 believe to be S. gramilata^ has the aperture about 
0*12 millim. 

There is a second specimen of this from Waum Ponds, which 
seems sometimes to become biserial. 
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14. Biastopoea ST7BORBICULARI8, Hincks. 

Diastopora suhorhicularis. Hincks, Brit. Mar. Polyz. p. 464, 
pi. Ixvi. fig. 11. 

I am not yet quite sure as to what must be looked upon as specific 
characters in Diastopora^ and therefore call tliis sxthorhicularis with 
some hesitation. 

The zoarium is growing on Micro[torella celhdosa^ form Adeona^ 
from Muddy Creek, and is about 5 millim. in diameter. 

The apertures of the zooecia are about 0*08 millim. in diameter, 
which is about the same as in Mr. Hincks’s specimen, and slightly 
smaller than in spoeimeTis from Naples, wliich I called D. flahellum. 
The zocBcia are separated by distinct linos, but probably this depends 
upon the conditions of growth. The oa^cia. are about 0*5 millim. in 
diameter, and are circular rather than oval, and I have not found 
any ooocial tube. The surface of the ott^cia is punctured with very 
fine pores close together. The D. jUdn Uiim of the Mediterranean has 
a tangential inflation of considerable width, and the ooBcial tube is 
directed inwards, namely, towards the centre of the zoarium. There 
is also a specimen from ^Mt. Gamhier, but this is not so well pre- 
served. A specimen from Waurn Ponds has an ovicell similar to 
that of my Naples si)ccimen. 

15. Diastopora patina, liamk. 

From Mt. Gamhier there is a fragment consisting of about half of 
a caliculatc colony whicli must have been the same size as specimens 
in my collection from the coast of Franco and from Capri (dredged 
at about; 200 metres). This is closely allied to Discosparsa lami- 
nosa, d'Orb., from the Cenomanian. 

Loc, Living : British, Northern, and French seas : the Adriatic 
and Capri. 

16. EETrcuLiroRA, sp. 

There is a comi)ressed branch fiom Mt. Gamhier, about 0*7 millim. 
wide, with series 0*5 millim. apart, and with 7 or 8 zooecia in a 
series, which does not seem to differ in any way from my Beticiir- 
lipora dorsalis from Nai)]cB : but from the one fragment I am not 
prepared to say that they are identical. 

17. Keticulipoka transennata, nov. sp. PL XXX. figs, 2, 3, 6, 7. 
Section also figured in Closure of the Cyclostomatous Bryozoa,” 
Joum. Linn. Soc. vol. xvii. pi. xvii. fig. 5. 

Zoarium reticulated, large. The specimen sent over from Aldinga 
must have been at least 6 inches in diameter. The fenestrse of the 
reticulations arc 2-4 millim. long, and average about | as broad ; 
branches (larainge) much compressed, about 0*5 millim. in section, 
and about 2 millim. deep, covered transversely with subparallel rows 
of 8-12 slightly exserted tubular zooecia, 0*07“0*08 millim. diam., 
0*4 millim. apart. Besides the zooecial openings, there are smaller 
non-tubular ones ; sometimes these are below the zooecia, at others 
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at the side, and there may be three or four to each zocecium; on the 
dorsal surface of the zoarium there are smaller openings than these 
lateral ones just mentioned. On the front the lamina is very marked, 
and rises above the zomcia on each side, and there is a tendency for 
this to divide up the centre of the lamina, and I find the same ten- 
dency in the Ueticulipont' from the Chalk of Eoyan. In Bijiustra 
the two layers of cells being readil}^ separable was made a generic 
characteristic, but perhaps it depends to a large extent upon the 
condition of fossilization. 

The closure occurs at some little distance before the zooecial tube 
becomes free (sec Journ. Linn. 800. vol. xvii. pi. 17. fig. 5), viz. about 
O'ln millim. from the termination of the zooocia, and in one or two 
cases there is a second closure a very short distance behind the first. 

This species is closely allied to Betieulipora obliqua, d’Orb. Pal. 
Franc, p. 90G, pi. 61 0. figs. 1, 6, pi. 768. figs. 1-2, from the Senonian, 
but I do not think they can be considered the same species. 

18. Discotubtgera clvpeata, Lamx. PI. XXXI. figs. 15, 16, 19. 

Pehpa clifpeaia, Micholin, Icon. Zooph. p. 229, pL.lv. fig. 3. 

Apseudesm clyq^edta, Haime, Pry. Form. Jiir. p. 202, pi. vii. fig. 7. 

This genus was first described as Pelayia by Lamouroux; but as 
the name had already been used for an Acalej)h, it had to give way, 
and was partly replaced by Defrmivid ; but this seems to have been 
used for such various things that it is not always clear what has 
been meant, nor can av(‘ feel satisfied Avhethcr both Dcfrancia and 
Discotuhlijera should bo retained. 

The zomcia are raised up in rays in the same way as in Liclieno- 
pora ; but thcu’c arc no interstitial i)oros, and therefore I believe the 
genera are widely separated. 

We must extend d’Orbigny s definition of Dlscotuhiyera to species 
growing more or less free. 

The specimen from Aldinga is 20 millim. in diameter, with about 
40 principal bi-triserial rays, with zomcial openings about 0-12 millim. 
The rays near the centre are very narrow, and one or a pair of cells 
often terminate at a short distance from the centre, and others also 
terminate before the fasciculine openings. Near the circumference 
there are short rays inserted between the main ones. Near the 
border there is a slight ovicellular inflation, and there is one tubular 
opening (see 0, fig. 1 9). The general resemblance to such a coral 
as Monilivaltia dlscds^ Woods, is extremely striking. 

As the description of Lamouroux is not sufficient for certain 
specific comparison I do not quote his locality. 

Zoc. Oolitic: Lebisey, Ranville (AL). Luc (^T.), Xantua and 
Marquise (d'Orh,), Aldinga. A small fragment from Curdles Creek 
apparently belongs to this species. 

19. Discotijbiqera itekaxa, uov. sp. PL XXXI. figs. 14, 17. 

The specimen from Aldinga is only a fragment of a colony which 
was clearly more or less discoid ; the radius of the part preserved is 
about 35 millim. The multiserial rays must be very numerous, as 



BRTOZOA FROM AUSTRALIA. 


691 


there are 24 in 20 millim. The zoa3cial apertures are not continuous 
along the ray, but, instead, the ray becomes elevated at intervals, 
forming elongate fasciculi, with their openings directed upwards. 
These interruptions take place with considerable regularity, so that 
the fasciculi of neighbouring rays rise up at equal distance from the 
centre of the zoarium, which may be a constant character, or it may 
merely arise from the growth at the circumference being arrested 
and then recommencing simultaneous!}’ at all ])oints. The position 
of the zooecia is marked by faint lines on the flat surface of the ray. 
It will be seen that the structure of this species closely resembles 
that of Pavotuhigera flaheUatUy d’Orb. Pal. Er. p. 767, pi. 752. 
figs. 4-8. 

20. Pavotuuioera flabellata, d’Orb. 

Pavotuhigera jlaheHat(iy d’Orb. Pal. Franc, p. 767, pi. 752. 
figs. 4-8. 

? SemiUihigera lamelhsay d’Orb. loc. cit. p. 749, pi. 750. figs. 16-18. 

This does not scorn to difier from the Mcudon specimen, except in 
there being two or three confluent colonies, and perhaps on that 
account it might be called var. exienm. 

The mode of growth of this si)ecies is very similar to that of 
Tuhulipora ; but in tliat genus the zomcia are freer, and the rays are 
not multiscrial. 

One of the colonies is much more symmetrical than the others, and 
therefore approaches nearly to the figure of Hemltuhigera laincUosay 
d’Orb. Zooecia 0*1 millim. diam. 

Loc, Cretaceous : Meudon ; Aldinga. 

21. pAVOXUBiaERA WMIDIATA, Itss, PI. XXXI. fig. 25. 

Defrancia dimicliatay Reuss, Foss. Polyp, d. Wien. Tort. p. 39, 

pl. 6. fig. 6. 

The specimen from Mt. Gambler is but badly i)rc8ervod and in- 
complete, and it is therdbro impossible to speak with certainty as 
to the structure, but in the fragment the zooecia arc bi-multiserial 
in fanlike rays, with a large inflation about the width of two rays, 
forming the ovicell. 

I do not think the Tnlmlipora cUmidiata, Manzoni, is the same 
as the Defrancia dhmdlata of Reuss, though perhaps T. plumay 
pl. xvii. fig. 68 (only), Manz. Bri. Mioe. Austr. ed Ungh., may be. 
Xo undoubted recent Tabulipora has biserial rays, and therefore at 
first it seemed advisable to separate it from that genus on this 
account ; but the examination of a fossil from Xapier, Xew Zealand, 
which is closely allied to Multifascigera canipichianay d’Orb., shows 
that this is not a sufficient reason. This Xew-Zoaland fossil, and 
also a recent specimen of the same, resemble an adnate Idmonea^ 
with outlying rows of zooecia beyond the main ones, and in some 
the rows are all bi-multiserial, and this was at first taken to be . a 
marked character of the species ; but in one large growth the rows 
are nearly always uniserial, though here some few colonies and parts 
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of colonies occur with biserial rows. This is extremely important 
in helping us to appreciate the classificatory importance of this 
character. 

If, however, all these are to be called Tuhulipora^ it would 
become a most unwieldy genus, certainly with intermediate forms, 
but many, seen apart, would, at first sight, seem widely divergent. 
Although it may be only an arbitrary division, it will, I think, assist 
us in study if we for the present confine TuhuUpora to those species 
only in which the end of the zooecial tube is free, and in which there 
is no symmetrical arrangement. 

22. Pavotttbigera gambierensis, nov. sp. PI. XXX. fig. 9. 

Zoarium apparently adnate. Zocecia in bundles of two or more, 
erect, connate ; ovicell an inflation of a portion of the surface between 
the zooGcia ; surface of zooocia evidently finely punctate. 

23. Deerancia exaltata, nov. sp. PI. XXXI. fig. 23. 

Zoarium incrusting, oval, with the rays rising from near the 
centre, and sometimes dividing, and much raised round the border ; 
rays multiserial, large pores round the base of the rays. 

This, like most of the Mt. Gambier fossils, is but badly preserved, 
and therefore it is impossible to feel quite sure about the determina- 
tion, but it seems to be the same as an un described species from the 
Bay of Naples, which, however, may be the D. verrucaria of Heller 
(non Fabr. or M.-Edw.). In the Najfles specimen an inflation of one 
half of the central ]mrtion forms the ovicell, and the oviceUular open- 
ing is tubular, a little larger than a zooecial tube, and occurs between 
the base of two rays. 

This is related to the Befrancia diadema., Goldf., Hag., and d’Orb. 
I have also a colony from the Miocene of Brendola coUe Bcrici, N. 
Italy, which has eight rays which do not divide. In Tidmlipora 
Bronfjniarti (Manzoni, Mioc. Austr. cd Hngh. pi. xviii. fig. 73) there 
are more rays, and those are figured as starting from the centre of 
the colony. 

24. SurERCTTTs ? niGiTATA, d’Orb, PI. XXXI. figs. 22, 26, 27. 

Superciftis dii/itata^ d’Orb. Pal. Fran^:. p. 1061 , pi. 798. figs. 6-9. 

Zoarium stipitatc, fasciculi bifurcated, starting from the base, 
laterally compressed, the upper surface forming a horizontal plane. 
The fasciculi consist of a number of parallel zocecia, usually three 
or four side by side, directed obliquely upwards so that the openings 
of these tubes arc seen all along the fasciculi. The central portion 
of what must be called the capitulum is flat and covered with a 
finely perforated calcareous wall, out of which rise the ends of the 
central zocecia slightly exserted, giving this portion the appearance 
of a Biastopora, siich as B, sarniensis. Central zocecia 0*1 millim. 
in diameter. Zoarium about 11 millim. in the longer diameter, and 
about 7 miUim. in the shorter. 

This is very closely allied to Pelagia insignis, Michelin, from the 
gres verts of Mans, and possibly may be identical. 
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It is unfortunate that Eusk should have named a species Fasciculi- 
pora digitata^ seeing that the specific name was already employed by 
d’Orbigny. The species described by Busk is very similar to this, 
and is apparently described from an imperfectly preserved specimen, 
and therefore we cannot be sure of the relationship A recent 
specimen of F. dijitata, B., from New Zealand has no central 
covering, and is much smaller than the present specimen, as are 
also those described by d’Orbigny and Busk. There is also a fossil 
from Napier, New Zealand, which has a number of cax)ituli in shape 
like the present, but grouped together, and arising from a common 
base ; but there the central portion seems covered with a calcareous 
wall, without any zooecial openings. 

This is, as far as I am aware, the first time that any central 
covering like the present has been found ; and until more perfect 
specimens of allied species have been examined there will bo some 
doubt as to its relationship, and the generic and specific name can 
only be used provisionally. 

hoc. Cretaceous of Meudon, 8ainte Colombo, Lavardin, Fecamp 
(France) ; Murray Clifls. 

2«5. Fasciculipora ? 

There are small fragments from Curdies Crook, liairnsdalo, and 
Mt. Gambicr, which might be F, ramosa, d’Orb. ; but as I have 
pointed out (“Bry. of the Bay of Naples,” Ann. & Mag, Nat. Hist. 
1879, iii. p. 279), the young colonics of Frondipora have this form. 

26. Fascicularia oonjuncta, nov. sp. PI. XXX: figs. 4, 5. 

? Fasdculipora ramosa^ J. E. Tenison- Woods, Corals and Bryozoa 
of Neoz. Period in New Zealand. Pal. of Now Zealand, pt. iv. 
p. 31. 

The specimens from the River-Murray Cliff's do not seem to differ 
from Mr. Wood^s description ; but the fossil in my hands is so much 
imbedded in matrix that it is impossible to give exactly the'zoarial 
form, tliough I think that it must have been more or less globular, 
and many inches in diameter. The fasciculi are nearly round, 
about 1*5 millim. in diameter, connected here and there by small 
multitubular connexions at right angles to the fasciculi. The 
zooecial tubes are about 0-15 millim. internal diameter, and there 
are at irregular long intervals plates (tabulae) across the tubes. 
There are minute i)orcs on the surface, as in Frondipora and most 
other Cyclostomata. 

* Since this paper was road I have received IVt in Professor Hutton some 
fossil specimens of Sujpercytis from Shakespeare’s Clilf, Wanganui (New 
Zealand), in which the central part has a calcaieous cover ; but instead of the 
zooccia rising through the finely punctured cover, they only come up to it, and 
that in long rows or fasciculi, as seen by the outlines of the zooecial walls. The 
outer surface is, in the upper part, striated, showing the outlines of the zooecici ; 
the basal part shows irregular hexagonal divisions. 

This, I believe, is the Fasciculipora digitata of Busk. 

Q.J.G.S. No. 160. 
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The dilatation of the fasciculi at the summit occurs in these 
specimens only where the fasciculi are beginning to branch. 

This differs from Fascwularia tuhipora^ Busk, in not having the 
fasciculi united by what Busk calls “ horizontal tabular concentric 
laminae ; ” these are probably represented by the small multitubular 
connexions, and in a specimen of Fasdaularm tuhipora collected in 
Eametto, near Messina, Sicily, from the Pliocene, there is, besides 
the larger “laminae,” an occasional connexion like that of F, ramosa. 

F. tuhipora also occurs from I^'apier, !New Zealand. 

The genera Fasdcnlaria and Fasewulipora seem most closely 
allied. 

Loc. Mt. Brown beds (Upper Eocene of Hector), Hew Zealand, 
Biver Murray Cliffs. 

27. Lichenopora nisriDA, Elem. 

For synonyms see Hincks's Brit. Mar. Polyz, p. 473 ; but as to 
Discoravea aenleata, d’Orb., I am in doubt. IJiscoporellu i'cliinnlata^ 
Ess., Die foss. Polyp, des W. Tert. p. 50, Taf. vii. fig. G ; Manzoni, 
I Brioz. foss. del Mioc. d’Austr. ed Ungh. p. 15, pi. xiv. fig. oG. 

Specimens from Muddy Creek, Murray Eiver, and Waurn Ponds 
corresi)ond most closely with a simj)lc colony from Naples. 

In each case the zooecial openings are about 0*1 millim. to 0*2 miUim. 
in diameter, and in the Naples and Eiver-Murray specimens the 
central cancelli are rather over 0*07 millim., while the interradial 
cancelli arc 0*0G millim. ; but in the Muddy-(’reek specimen the 
central and interradial cancelli are of about the same size, viz. 0*06- 
0*07 millim. 

In the Muddy-Crcck specimen 1 am able to see a distinct row of 
Bpicular denticles a short distance down the zocecial tube. This 
small colony of about 2 millim. diam. is not well preserved, whereas 
those from Murray Cliffs arc less damaged, and are about 5-G millim., 
and the radial arrangement of the zocccia is more distinct. A specimen 
from Waum Ponds may be a variety. The zoarium is 10 millim. in 
diam., and the zooocia are 0*07 in regular uniscrial distinct rows 
towards the centre. 

In the central part of the Naples specimen there is at the junction 
of the wall of each opening a small protuberance reminding us of 
the “ Bpiniform corallites,” of Prof. A. Nicholson (“ Structure of 
Heteropora,” &c. Ann. & Mag. Nat. Hist. 1880, p. 14, fig. 4). 

Loc, Miocene : Eisenstadt and Morbisch {M,), Pliocene : Crag, 
Italy (Eoggiano in the Zanclian, Astian, Sicilian, and Saharian of 
Seguenza); Scotch Glacial deposits (Geikie), Post- Pliocene of 
Canada (Dawson), Mt. Gambier, Bairnsdale, Muddy Creek, Murray 
Eiver, Waurn Ponds. Living ; European seas generally. 

28. Lichenopora radiata, Aud. 

The zooecial opening in specimens from the Mediterranean and 
also in the fossils is 0*07~0*08 millim., and in the specimen from 
Adelaide is only a trifle smaller. 
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Loc, Living : British, Mediterranean, Holborn Islands, Queens- 
land {A, TT.), Semaphore (Adelaide) {A. W,), Possil Pliocene, 
Bruccoli, Sicily ; Curdies Creek, Muddy Creek, Bairnsdale, Mt. Gam- 
bier, Napier (New Zealand). 

29. Lichenopoea aldingensib, nov. sp. 

Zoarium depressed in the centre, with about 20 primary bi- 
triserial rays, witli about 50 zooecia in each ray. Mouths of the 
zocecia about t)*12 millim. in diam., which is half the size of the 
openings of the cancelli. 

This is much larger than IHscoporella califoniica^ Ik, but is allied. 

30. LicnENOPOKA cocuLOiDEA, d’Orb. in DoynoporaAorm, 

Dornopora cochloided^ d’Orl). Pal. FraiK*. p. 990, pi. 781. figs. 5-7. 

Deframia cochhldea (?), Hag. Bry. Alaastr. Kreide, p. 42, pi. iv. 
fig. 8. 

In a specimen from Mt. Oambier, <>ne colony grows out of the 
top of another. Each colony is considerably raised, but concave in 
the centre, about 2-4 millim. in diameter. In the young colonies 
there are 10 rajs of zoocia, with large openings, and between these 
and round the border very small cancelli. The zocecial tubes are 
about 0*8 millim., and the cancelli 0*;5 to 0-d millim. in diameter. 

Loc. Fossil : Senonian of Sainte Colombo (Manchc), Mt. Gambier. 

31. LicnENOPOEA nomcTiFoEMis, d’Orb. (non llss. ), in Tectlcavea-form. 
PI. XXXI. figs. 20-21. 

Tecticavea hoh tlformis. d’Orb. Pal. Fran^^ p. 991, pl. 781. figs. 

8 - 12 . 

There are two colonics of tliis species from Aldinga ; one forms a 
globular mass, slightly hollow in the centre, of about 30 millim. in 
diameter ; the other is growing on a Chilostoraatous Bryozoan, and 
forms a conical mass 14 millim. high. The fresh colonies commence 
by growing over the previous one in a tectiform manner, but after- 
wards they become conilucnt, forming continuous sliects over the 
whole previous growth. In tlie early stage, therefore, this entirely 
corresponds with the Belgian fossil. 

The rays arc biserial, with openings but little larger than the 
interradial and central cancelli. The apertures vary from 0*09 millim. 
to 0*1 3 millim. 

Although this ultimately attains a form closely resembling Radio^ 
pora^ the structure is different ; for here each colony spreads from its 
own calcareous basis, whereas in Radiopora the zooecial tubes of one 
layer are continued into the next, lleuss has named what appears, 
from the description and figure, a true Radiopora.^ R. holetifo'i'mis^ 
which docs not seem to he allied to our form. The mode of gro'^h 
of the present species resembles that of Defranciu prolifera^ Ess. 
F. Polyp, pl. vi. fig. 1. 

Loc. Senonian ; Cypli (Belgium) ; Aldinga. 
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32. Lichekopoba vabiabilis, d’Orb. 

Bimulticavea variahUis, d’Orb. Pal. Prang, p. 983, pi. 779. figs. 
9-13. 

A colony from Aldinga consists of a number of confluent zoaria, 
the raised part of which measures about 4 millim., the distance from 
the centre of each colony being about 5-6 millim., with six or eight 
multiserial rays. The central cancclli are but very slightly larger 
than the others. The width of the zooecia is about 0*1 miUim. 

In the Australian fossil I am not able to make out that there are 
in any part two layers, as figured by d’Orbigny, but in a section 
which I cut I find in certain of the zoa3cial tubes, at a distance 
from the surface, several tabula) occurring at comparatively short 
intervals. 

Loc, Cretaceous : Meudon (Prance) ; Aldinga. 

33. Hetekopoka. 

There are some small lueces of Heteropora from Curdies Creek 
which arc too imperfect for determination. Heteropora pelliculata^ 
W., occurs abundantly fossil at Napier, New Zealand. 


Addendum. 

34. Idmonea aldinqensis, nov. sp. 

The front of the zoarium is rounded, with the rows of connate 
zooecia regularly placed 0 ’35-0*4 millim. apart, with five zooecia to 
each lateral scries. Zooecia not much exserted; aperture about 
0*13 millim. 

The appearance is much the same as that of Clavituhigera convea^a^ 
d’Orb. (Pal. Pr. pi. 746. f. 12-15), with the exception that the dorsal 
surface is concave ; but this is probably not a character of much 
moment. 

Loc, Aldinga. 

EXPLANATION OF PLATES XXX. & XXXI. 

Plate XXX. 

Fig- 1. Crma vnipora, d’Orb., x25. 

2. Beticulijx/ra transennata, nor, sp., front surface, X 12. 

3. Ditto, natunil size. 

4. f). Fascicularia conjuucta, nov. sp., in matrix, natural size. 

6. Betimlipora transennata, nov. sp., dorsal siurface, Xl2. 

7. Ditto, frond, seen laterally. 

8. Section of Homera frondicidata^ Lamx., from Naples, showing the large 

pores which are united to the interior by means of small ones, also 
showing tlie interzooecial pores, x25. 

9. Pavotvhigera gamhierensis, nov. sp., Mt. Gambier, X 12. 

10. Idmonea bifrotis, nov. sp., front, X 12, 

11. Ditto, dorsal surface, Xl2. 

12. Idmonea Hochstetterianay Stol., front, X 12, 

13. Ditto, dorsal surface. 
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Plate X X XI. 

Rg, 14. Ray of JHscotvhig&ra iterata, nov. sp., x2. 

15. Ray of Discotuhigera clypeata^ Lamx., natural size. 

16. Di^otuhigera clypecda, Lainx., natur^ size. 

17. Discotubiget'a iterata^ nov. sp., natural size^ 

18. Horm^ra \RetihoirneT(i) foliaceaf Mac G., Xl2. 

19. Discotuhigera clypeata, Lamx., x5, as seenTrom the side, showing the 
ends of the rays, x5. 

20. lAcherwpora boletiformis, d’Orb., natural size 

21. Ditto, growing colonies about X2. 

22. Supercytis digitata, d’Orb., X6. 

23. Dcfrancia exaltafa, nov., from Mt. Gainbier, X 25. 

24. Interzooecial pore of Waters, Xl50. 

25. Davotiibigera dimidiata, Ess., from Mt. Gambler, xl2. 

26. Siipercytis digitata, seen from below, X 2. 

27. The same, from the side, natural size. 

28. Section of Hctcropora 2 )elliculata, W. , recent, from Now Zealand, showing 
the intcrzooecial pores and the hair-like spines, X 50. 
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47. A Critical and Descriptive List of tlie Oolitic Madreporaria 
of the Boulonnaib, By Eohert F. Tomes, Esq., F.G.8. (Bead 
June 25, 1884.) 

[Plate XXXIl.] 

1 HAVE been favoured from time to time by M. Jtigaux, of Boulogne, 
with specimens of corals for determination, which had been collected 
by him in the Great Oolite and (^oral Uag of the Boulonnais. He 
has quite recently very kindly afforded me the additional opportunity 
of studying the wholes of his collection of S])ecimen8 ; and the results 
of a comparison made between them and Phiglish species will form 
the substance of the present })aper. 

It will be observed that I now regard Imstrcr.a moveia as a second 
species oi Ballnfva ttia^ its very great similarity to the Fairford species, 
Bathyaenia Shtfferi^ on which I founded tlie genus, having been 
already noticed by me. The discovery of some; forms apparently 
allied to that genus, which nevertheless are found to possess well- 
developed tabula;, renders the position of Bathyewnia in the Eusmilinac 
more than doubtful. 

In my paper on the Corals of the Great Oolite, I hazarded some 
remarks, aecoin])anied by explanatory figures, on a species of coral 
from the bottom of the Great Oolite near Stonesflcld, which from the 
presence of distinct tabula) and the V(‘ry feeble development of its 
septa, I placed, tliough not without- some hesitation, among the 
Zoantharia Tabulata. For that species, if it proved to be distinct 
from the one an wdiicli was found(*d the genus C yathojdiora, the 
generic name Deya^pJ^yll um. was pro])osed. But I am still in un- 
certainty as to the ju’oper generic nomenclature of the species, 
because I do not yet know whether the genus Cyathophora of 
Micholin is not possessed of tahuhv. 

In the collection of M. Kigaux are threti distinct forms which, 
though generically distinct from each other, arc yet nearly allied, 
and which throw considerable light on the affinities of the Stones- 
field coral, and most likely also on the genus Bathycama. 

One of these has a very elongated form, like a long and curved 
horn, with a single terminal and deep calice, the floor of which is 
clearly formed by a tabula, and the septa of which are few in 
number, smooth and somewhat swollen. Another is lenticular or 
discoid, witli septa which are swollen like those of the last, though 
they differ very materially in having little prominence. They meet in 
the centre of the visceral chamber, and there is no evidence of tabula). 
The third is a compound coral which, until I had detected the 
tabulae, I regarded as closely allied to Baihycoema^ although differing 
from it in having external gemmation. These wiU be described in 
detail further on ; but I may here suggest that there appears to be 
considerable similarity between their structure and that of the 
genus of recent corals, LophoheUa^ as defined by Prof. Duncan in 
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1871*. While investigating the present collection I have met with 
great assistance from the comparison of a very considerable number 
of species from the Corallian of the Hauto-Saone, Erance, for which 
I am especially indebted to M. de Froiiientel. These and a good 
number of species from Natthoim have rendered me good service. 

The conclusions of Dr. L} cctt, based chiefly on the study of the 
Testacea, relative to the general palmontological uniformity which 
exists throughout the whole of the (xrcat Oolite of the Cotteswold 
Hills, are considerably strengthened by my own observations on the 
coralline beds of that division of the Oolites. In my paper on the 
Great-Oolite corals of tlie counties of Oxford and Gloucester, I 
have shown that these successive coral-bods are morc^ly a repetition 
of each other. That conclusion, however, although not at that time 
inaccurate, so far as the district mentioned is concerned, now 
demands some niodilicalion. Excepting for the species described 
under the name of Bathj/iumia s^olldaf^ the prciciso strati graphical 
position of which is not known, it would have been quite proper to 
have restrictcul the genus Baflnfvonia to the Cornbrash. And in 
fact, as 1 shall here show, sindi a conclusion would have been 
inevitable if the Great-Oolite corals of the Doulonnais had been 
brought into immediate comparison with those from the corre- 
8i)on(ling deposits of this country. Not only is tlie g(mus Bathycamia 
in the Boulogne Oolite peculiar to the Cornbrash, but the lu^w and 
allied genus Ducoco nia is also conflned to it. Again, so far as present 
iiitbrmation goes, the genus Bcyidiomniif is confined to the lower 
part of the Great Oolite. 

The Great Oolite of the district now under consid(‘ration, resting 
immediately on Balacozoic rocks, procludes the existence there of any 
bods corresponding in ago to the Inferior Oolite; but under the 
impression that some obscure JMadreporarian form might have esca])ed 
obsciTcrs, 1 looked with es])ecial solicitude for sonu' species which 
would, like the corals in the bottom of the Lias of tlie Glamorgan- 
shire coast, indicate the existence of a coral lil’erous sea of earlier 
date than that in which the Great Oolite was deposited. But not a 
trace appears of a species which could with certainty be identified 
as being proper to the Inferior Oolite. On the contrary, the species 
which have been met with near the bottom of the Great Oolite have 
a facies which would seem to assimilate thorn more or less nearly to 
those of our Cornbrash. 

The following generalized section has been prepared by M. lligaux, 
and the specimens forwarded by him having the locality attached to 
them, the several species, when determined, have been placed liy me 
opposite their respective localities. A satisfactory stratigraphical 
distribution has been thus obtained, and it is interesting to observe 
the general correspondence which exists between the range in time 
of the Boulonnais and English species : — 

* Trans. Zook Soc. vol. viii. pt. f), p. 30,*], 1873, read May 16th, 1871. 

t Quart. Journ. Geol. Soc. vol. xxxix. p. 177. 
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On the several beds of the foregoing section* M. Rigaux has 
favoured me with the following additional and important remarks : — 

Bed No. 1, Wimereux. “Two Isastrcece very much worn (one 
very scarce), only found in a pudding-stone of 6 feet thick, at the top.” 

Bed No. 3, Chatillon. “The same two Isastrivai very much 
worn, fo.und in pudding-stone from 2 to G feet thick. It seems as 
if the Isastrcece lived in another sea, and wore brought twice ‘by 
special currents.” 

Bed No. 4, Belledale. “ Corals are only found in a bed 6 feet 
thick, made up principally of worn-out corals and full of Ciclaris 
florigemma. It is the highest real coral-bed in the Oolites, being 
found about the middle of the I^r^K/a-beds.” 

Bed No. 5, Qucstrecqucs. “ Corals occasional in a sandy oolite 
bed 3 feet thick.” 

Bod No. 7, llourocq, Hosdin TAbbe. “ I look upon this bed as 
the representative of the English Coral Rag. It is entirely made 
up of corals and Ci( laris Jlon gemmae 

Bed No. 9, Mont dos Roncards. “Corals and Cldaris jhrigemma 
compose the lowest beds.” 

Bod No. 11, lloidlefort. “ A part of this bed is full of corals and 
Cidaris Jlorigcrn met .” 

Bed No. 13, IjC Wast. “The species of corals are numerous but 
the specimens very scarce, if Ave except the Anahacia, Genahada^ 
and Isastrcea rnoneta.'^ 

Bed No. 14, Kydreciuent, Rety, Ble(piene(|uo. “ Corals confined 
to the lower half, and comirion in the beds which correspond to the 
planking of Minchinhampton.” 

M. Rigaux fiirlher observes that he regards beds 0 to 0 inclusive 
as Corallian, and 10 and 11 as constituting the Lower Grit, 

On looking over the foregoing it will bo seen that one species of 
coral occurs in what must bo regarded as the 0 (|ui valent of the 
Lower Portland or U])per Kimmeridge deposits of this country. 
This is obviously affined to the very common and widely distributed 
Coral-Rag species Thamncistrcea cominna ; and when we observe 
that an unquestionable Portland species, Jsastnm portlandica, has 
been found by M. Rigaux in the beds of the Middle Kimmeridge, 
we shall find no difficulty in deciding that the coral faunas of the 
Corallian and Portland Oolites graduate into each other. 

Species from the Great Oolite, 

Genus DiscocmxiA, n. g. 

(Fam. Astreddee ; Subfam. Eusmilince.) 

Two specimens of a coral from the Combrash of Le Wast, near 
Boulogne, have been received from M. Rigaux, the characters of 
which do not agree with those of any genus with which I am 
acquainted, and I therefore describe the form under the above name 
as follows : — 

The corallum is discoidal, very thin, but becoming thicker by 
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successive periods of growth, when the under surface becomes more 
or less convex, the calicular surface always remaining flat. 

The calice is circular and the margin clearly deflned but not pro- 
jecting. 

The wall is completely clothed with epithoca, which extends quite 
to the margin of the calice, but does not conceal the several stages 
of growth. 

The septa are few in number, very stout, swollen, and without 
projections or ornamentation of any kind. 

There is no appearance of cndotheca, but it is quite possible that 
a vertical section would reveal tabula) corresponding with the periods 
of growth. 

The only recognized genera to which the present species could 
with any degree of consistency be referred, at least so far as external 
characters are concerned, are Montlivallia and Kpismilia. But the 
former, under no condition of wear, has septa resembling those of the 
present genus, which differs from both Montlivaltid and Epismilia in 
having no dissepimental tissue. And although the corallum becomes 
more or less massive by the addition of superimj^osed layers, yet each 
one of these really represents the corallum for the time being ; and 
this mode of increase is quite unlike that of rejuvenescnco, and is 
attributable to an entirely different cause. No such mode of growth 
occurs to my know ledge in either Montlivaltia or Epismilia, 

It may be added that the general character of the septa is so very 
similar to that of the septa of Ball nj amt a and another genus here 
described under the name of Sci/phoettma, as to leave little doubt 
that the present species represents a genus of simple corals which 
should be placed in the same family with those genera. 

])iscoc(EKiA noKONiENSis, n. s. Bl. XNXIl. tigs. 1, 2. 

The corallum is depressed and has a somewhat discoid form ; but 
the calico is flat and its outer margin is well defined. The under 
surface has a moderate degree of conve^xity, somewhat as in 
Montlivaltia LahecJici. The calice is circular, and the fossula is 
small and a little elongated. The septa arc stout, but thin where 
they spring from the waU. They sj^cedily increase in size, are a 
little flexuous, and tlie upper margins as well as the inner ends of 
all are smooth, and have a rounded or swollen appearance, which is 
most strongly ])ronounced in those which approach the centre and 
form the fossula. These latter come into contact with each other 
laterally at their inner ends but do not unite, and the fossula though 
very small is nevertheless distinct. The locuH are shallow, their 
depth being successively determined by the several periods of growth. 
As many as six of these are indicated by a corresponding number 
of superimposed layers, which are all of equal depth and are very 
shallow. There are forty septa. Of these the first two cycles are 
scarcely distinguishable the one from the other ; the septa of the 
third are half the length of those of the first and second; and those 
of the fourth are wanting in some of the systems, and are very short 
in the others. 
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Genus Ceeatoccbnia, n, g. 

(Eam. Astrcddce ; Subfam. Eusmilince,) 

The corallum is simple, much elongated, and horn-shaped, and 
appears to have been produced to a slender point at its inferior 
extremity. 

It has a thin but regular cpitheca. 

The calice is very deep, round, and has a central level space upon 
which the septa do not encroach. 

The septa are few in number, in six systems, and are thick, 
swollen, and wdiolly without ornamentation. The primary ones 
are considerably developed, while those of other cycles are small 
and irregular. 

Only one exarai>lc has been examined, the lower end of which, as 
well as one side of the calice, and the 'whole of its upper margin, 
has been broken away. 

The exact relationship of this singular coral cannot be determined 
without better specimens than the one met with ; but suflicient may 
be learned from this to establisli its distinctness from any genus at 
present known, and to ])oint out its resemblance to l^cyjdiocamki. 
The difference bet ween the tw^o genera consists in the one being 
simple while the other is compound. 

CEKATOCOiNIA ELONGATA, 11. 8. PI. XXXIJ. figS. 4. 

The corallum is elongated, curved, and the inferior extremity, 
which is broken otf, aiipcars to have terminated in a point, which 
was jirobably one of attachment. 

In the presei ’ -lomowliat worn state of the corallum, the cpitheca 
cannot bo easily studied, but the rather numerous annular ridges 
which ajijiear on tho whole length of the corallum, indicate the 
existence of one, and the broad and rounded longitudinal ridges 
which correspond with tlio septa point out the number and form of 
tho several cos tan 

The calice is round, and very de(?p, and all the central part is free 
from the encroac'hments of sejda, and nearly flat. 

In the half of the calice which remains, there arc six septa, of 
which three are primary and arc iiromincnt. The other three have 
very varying degrees of development, from a jirominencc only a 
little less than that of tho primary ones, to an almost rudimentary 
condition. Xotic of t}u*m pass on to the central floor of the calice. 

The height of the cor.allum is 2 inches, and the diameter of tlie 
calice 5 lines. It was obtained from the Great Oolite of Hydn^quent. 

Genus ScYrnoccENiA, n. g, 

(Pam. AstraAdoe\ Subfam. Eusmilince,) 

The corallum is composite, and the corallites are united by their 
walls, hut are sometimes divided into clusters. It is peduncular, 
lobular, and expanding, and attached by a small point. The outer 
or common wall is either naked and costulatcd, or it has a small 
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quantity of thin epitheca. The upper or calicular surface is irregu- 
larly convex ; and the calices are few in number, large, open, very 
deep, and cup-shaped, and have thin margins. The septa are few in 
number, stout, smooth, and project but little into the calice, down 
the inside of which they pass, but lose themselves before reaching 
the fossular region, which consists of a smooth concave space. 
There is no appearance of endothcca, columella, or pali. 

In one of the species here described, there are obvious though rather 
distant tabula), having very much the appearance of those represented 
by Prof. Duncan as characterizing a species of Lopliohelia, to which 
1 have already alluded. 


HcYTHOCCENIA STAMINIFEIIA, n. s. PI. XXXII. figs. 5-7. 

The corallum is small and was attached by a point, which in all 
the examples I have seen is a little curved, and from which it 
exi)ands upwards and has a i-endency to a llabelliform and lobular 
outline with an irregularly convex calicular surface. The common 
or investing wall is wholly Avithout epitheca, and its costae are 
distinct for the whole of its height. They are alternately large and 
small, rather clos(dy placed, and either smooth or very finely granu- 
lated. At the margin of the calices where they join the septa they 
sometimes become somewhat cristiform, the larger ones uniting with 
the septa, but more fi-equently two or more run together iDoforo 
joining with the septa. This is chiefly observable in the younger 
calices, the older ones sometimes having their margins very thin, 
and both the mural costie and septa reduced to a mere thread. 

The calicos are more or less round except when pressed by others, 
when they become rudely quadrangular, hexagonal, polygonal, or 
even triangular. They arc very large, open, and dqep ; and those 
which have attained the greatest size have a smooth central s])ace, 
or fossula, upon which the septa do not encroach. 

In a full-sized calice there are three cycles of septa and part of a 
fourth, with faint indications of other rudimentary septa. At the 
edge of the calico they are generally very thin and thread-like, but 
the primary ones increase in thickness rapidly as they pass down 
the inside of the calice, and become very thick and bulging at their 
lower and inner ends, but without much prominence. The same 
peculiar formation is visible in those of the second cycle, but in a 
less marked degree. In those of the third cycle it is not observable. 
The septa of the first cycle occupy fully three fourths of the depth 
of the calico, those of the second are three fourths of the length of 
the first, and the remainder are short and irregular. 

Gemmation takes place between the calices, as in Bathyccenia^ and 
on the outside of the margin of the outer calices. 

Height of the corallum of a full-sized example 1 inch ; greatest 
diameter 1 inch; smaller diameter 9 lines. Diameter of a large 
calice 9 lines, and depth of the same 5 lines. It occurs, but is not 
common, as I learn from M. Kigaux, in the Cornbrash of Le Wast, 
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ScyPHOC(ENIA EXCELSA, n. sp. PI. XXXII. figs. 8, 9. 

The corallum has an upright subraniose form, consisting of a few 
thick and short branches sj)ringing from a common root. Each 
ramus is formed by a bundle of corallites, which are the result of 
external gemmation, and are united and enclosed by a common wall. 
"They have at intervals thick rounded swellings, and they terminate 
in three or four large circular and deep calicos, which arc on nearly 
the same level on the same branch. This gives to each branch a 
more or less capitate form. 

The mural costae are of nearly uniform thickness, and differ in this 
respect from those of ^afpInKcruia staminlfera, wliicli are alternately 
large and small. They are most distinct at the edge of the calices, 
but are nowhere so much developed as tliose of S, staminifera, and 
their union with the septa is less distinctly cristiform. There is a 
little feebly developed cpi theca. 

The calicos are circular, very deep, and their margins arc very 
prominent, but not very thin. 

The septa have much the same general disposition as those of 
S. staminifera, but they are much more regular, thinner throughout, 
and are not swollen in the middle. In appearance they closely re- 
semble those of BatJu/ca’ida SJatterL The cycles are the same as in 
S, staminifera. 

Height of the corallum 1 inch 5 lines ; diameter of the largest 
calice, 5 lines. 

A favourable fracture exposes some; well-defined but distant 
tabulae, closely resembling those of a coral from the (Ireat Oolite of 
8tonesfield, which I have elsewhere figured*. Their presence, as 
well as the general similarity that exists between the general con- 
formation of the corallum of this species and the young examples 
of the Stonesfield coral, leaves but little doubt as to their natural 
affinities. 

One specimen only has been examined. It was taken from tho 
Great Oolite of Hydrequent. 

Genus Bathtccenia, Tomes. 

Although I have described this genus as one of the Eusmilinae, I 
am now in some doubt as to its real affinities, the apparently allied 
forms here described obviously being possessed of true tabula). Pro- 
visionally, therefore, I leave it in its present place. 

Bathyccenia moheta, d’Orb., sp. 

PrioTmstrcea moneta, d’Orb. Prodr. do Paleont. t. i. p. 322 (1850). 

Isastrcea^ moneta, M.-Edw. & Haimo. Pol. Foss. Terr. Paleoz. 
p. 104(1851). 

Tho comparison of specimens of BatTiyccenia Slatteri with examples 
of the so-called Isastrcea moneta received from M. lligaux, haa 
convinced me that they are botli referable to the same genus, 
though they are specifically distinct. Besides the perfectly hori- 

^ See Quart. Joum. Geol. Soc. vol, xxxix. pi. vii. fig. 4, 
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zontal or concave basal wall, which characterizes the latter species, 
it has much thicker septa, which, when entire, spring boldly in- 
wards towards the centre of the calice, their free margins repre- 
senting the segment of a circle, and they pass into the centre, and 
there form a spurious columella. 

In the above-quoted work of MM. Milne-Edwards and Haime, 
the present species (which had been placed by M. d^Orbigny in the 
genus Prionastnva, after the examination of sj^eciraens from Bou- 
logne) was doubtfully included in the genus IsastrcBci, In their 
later work*, however, it was placed in that genus without any such 
expression of uncertainty. 

BaTUYC(EN 1 A HEMISniiEKICA, 11 . sp. PI. XXXII. figs. 13, 14. 

The coraUuin is r(‘gularly dome-shaped, and the under surface 
nearly flat, and, as in Ji. mimeta^ attached to a shell by a point. 
The common or basal wall is without a trace of epitheca, and the 
corallites, which are distinctly visible from below, have well-formed 
and regular mural costa), which meet at an angle in the shallow 
radiating furrows between the corallites. 

The calicos arc nearly circular, and very deep. Six principal 
septa projcict considerably into the calico, their inner margins being 
nearly vertical, and they ])aHs quite to the bottoui of the calico, but 
do not pass over the floor of it to the centre, as in Bathymnia 
jSlfdteri, 8ix other septa, having much less prominence, pass also 
down the vertical inside of ihe calice, hut diminish in size and 
])rojoct so much less that they barely reach the floor. Besides 
these, there are some rudimentary se})ta, which, however, like the 
others, are suheristiform on the mural region. 

Height of the corallum one inch, and its diameter one inch. 
Diameter of tlio caliccs from two to three lines. 

Ono s])ecimcn only appears in the collection. It is from the 
Cornhrash of Le Wast. 

Genus CoNVEXASTRiEA, d’Orb. 

CoNVExASTUiEA Waltoni, Edw. & Ilaimc, Brit. Eoss. Cor. p. 109. 
pi. xxiii. figs. T) &. 0. 

Tlio exact rcscmhlance which a specimen from the Great Oolite of 
Blequeneque bears to English specimens from the neighbourhood of 
Burford, Oxfordshire, and Cirencester, Gloucestershire, leaves no 
doubt about the species, and furnishes an entirely new locality 
for it. 


Genus Cryptoccenia, d’Orb. 

Cryptocosnia OBELisciTs, Mich., sp. 

Madrepora obeliscus^ Mich. Icon. Zooph. p. 112, pi. 25. fig, 5. 

A specimen from the Great Oolite of Blequeneque, near Boulogne, 
received with other specimens here mentioned, agrees, both in out- 
. . * Hist. Nat. Cor.vol. ii. p. 536. 
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ward form and in structural details, so closely with Cryptocodnia 
oheliscus as to leave no doubt of its identity with it. It was placed, 
though not without doubt, by MM. Milne-Edwards and Haime 
in the genus Stylina^ in their monograph of Palaeozoic Corals*, but 
afterwards, in their general work on Coralsf, removed to the list of 
doubtful species. M. de Fromentel wholly ignores it. 

CKYrTOCOSNIA FLAN A, n. sp. 

The corallum consists of a peduncle surmounted by a swollen and 
globular head, which has a diameter fully three times that of the 
peduncle. 

The calices are large, circular, few in number, i^rominent, and 
the spaces between them arc centrally depressed. The intercali- 
cular costm are very feebl}" develo])od, and are only observable near 
the margins of ihv. calices, Avliere tliey corres])ond in their relative 
size with the septa. Tlie e.ali(‘os are deep, and their margins are 
thin. There are six princii)al septa, which also are thin, and pass 
nearly to the centre of the calico. Six others, forming the second 
cycle, are much h'ss jnominent, and are about two thirds the length 
of the primary ones. The remaining twelve have still less promi- 
nence, thickness, and length, and constitute the tliird cycle. 

Gemmation takes place midway between the calices. 

The height of the corallum is 1 inch (> lines, of which the peduncle 
is one third. The diameter of the head is 1 inch lines ; of the 
calices 2 lines ; and of the intervals between them 2 lines. 

One specimen only, as I learn from M. liigaux, lias been met with 
in the Cornbrash of Le Wast. 

CllTPTOC(ENIA IllGAUXI, 11. sp. 

With the C nfptociniui ohdueus, and from the Groat Oolite of 
Hydrequent, was received a small S])ecimeu of a Cryptoewnia, whicli, 
having the “ octomeral type of M. do Fromentel, is quite distinct 
from the C. luciensU, to which sjiecies it was probably referred by 
MM. Milne-Edwards and iraime+. 

The corallum is small and globular, and attached by a small 
space. The calices are about the size of those of C\ tuherosa, but 
are rather nearer together. The princi])al septa, eight in number, 
are stout, pass nearly to the centre of the calice, and unite deep 
in it, but do not tbcTe form a spurious columella. In some of the 
calices there arc eight other septa, which are merely rudimentary ; 
they constitute, where present, the second cj cle. The intercalicular 
costae arc stout, prominent, and cristiform, and so much crowded 
as to completely conceal the upper margin of the wall, as in Go'iin 
vexastrem. They decrease in size rapidly as they recede from the 
calice over the intercalicular space, in the middle of which they 
meet, but do not blend with those of other calices. 

The present species seems to bear some resemblance to the one 

^ Pal. Foss, des Terr. Paleoz. p. 60. 

t Hist. Nat. Cor. vol. ii. p. 247. 

I Hist. Nat. Corall. voL ii. p. 272. 
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described by M. de Eromentel under the name of Crypiocoenia hrevis^, 
which has also eight principal septa, but differs from it in several 
respects. The calices are larger, there are fewer cycles of septa. 
Moreover, in the description of C. hr&vis^ no mention is made of the 
crowded and cristiform intercalicular costae, which are so charac- 
teristic of the present species, and whieh at first sight led me to 
place it in the genus Convexastrcea, That it is a Crypiocoenia I do 
not, however, entertain any doubt ; but its resemblance to Convex- 
asirma is so great as seriously to endanger the value of that 
genus. 

Height of the corallum 1 inch 3 lines, its diameter 10 lines. 
Diameter of the calices 1 ^ line ; from centre to centre of the calices 
2 lines. 

Cryptocoinia microphylla, Tomes, Quart. Journ. Geol. Soc. vol. 
xxxix. p. 170, pi. vii. fig. 2. 

A specimen of small size ana globular form appears in the 
collection. It was obtained from the Great Oolite of Hydre- 
quent. 

Cryptocgenia, sp. 

A single specimen of small size, and in a much damaged state, 
is all I have been favoured with of this species, which is obviously a 
well-marked one. I am unable further to describe it than to say 
that the corallum is small and nearly globular, and has a great 
many small and much-crowded calicos, and that the intercalicular 
costae, so far as may be observed, bear considerable resemblance to 
those of Convexastroea. I am unable to give its locality. 

Genus Stylina ? 

Stylina, sp. ? 

A fragment only of a dendroid coral, in an unfavourable con- 
dition, is aU I have seen to lead me to include the genus Stylina in 
the Cornbrash of Lo Wast. It was received with other species from 
Le Wast by the kindness of M. Eigaux, and closely resembles in its 
details a coral figured by Quenatedt in his recently published work 
on the fossil corals of Germany, under the name of Astrcoa corona'\‘. 
The specimen figured by Prof. Quenstedt was obtained from the 
Coral Eag of Menzieres. 


Genus Montlitaltia, Lamx. 

It may be remarked of this genus, the representatives of which 
are so abundant in the Jurassic formations, that very few flourished 
in the sea of the period of the Great Oolite ; and the species from 
the district now under consideration do not detract from the truth 
of that observation, two only appearing in the collection made by 
M. Eigaux. 

Introd. Etude Polyp. Eoss. p. 199. 
t Petrefact. Deutschlands, seenster Bd. p. 776, tab. 173. fig.25. 
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In a genus which, like Montlivaltia, contains a great many 
species, it is most important, if only for their proper determi- 
nation, that the appearances exhibited at different periods of 
their growth should be carefully examined and well understood. 
And this applies more especially to a comparison of the respective 
periods of growth of such species as are broadly attached and those 
which arc fixed bj^ a point, as well as to the elongated fossula of 
others, as compared with the same part in those in which it is 
circular. 

The earliest period of growth of some ]\lo7itliv(dtl(r^ when nothing 
more than a superficial and attached star-like form is visible, pre- 
sents the appearance of several rings, one within the other. These 
are nothing more than successively dcvck>])ed walls. Within the 
inner circle are the earliest or primary septa ; in the second and 
other succeeding circles are the second and successively produced 
cycles, which, as well as the j)rimary ones, take their growtli in 
anticipation of the encircling walls. However, it not unfrequently 
happens, tliat more than one c^ade is produced 1)efor(' tlie growth of 
the enclosing wall commences. Yer}^ lamitiful illustrations of tliis 
may often bo soeii attached to some hard Buhstance, such as a shell, 
which have not yet attained to any a])precial)lo height, but ]>rosent, 
in their periods of expanding growth, much tlie aspect of a. section 
of an exogenous tree, the rings of growth and medullary rays being 
represented by the walls and se])taof the coral. A very interesting 
instance of this is shown in a verj" young and attached example of 
MoTitlwalila Victorkv in tlio collection of my friend Mr. lleosley, of 
Banbury. More instructive still are the under or attached surfaces 
of certain Monilivaltuv with broad bases from the T/’k/oy/m-grit of 
the Inferior Oolite near Clieltenh/im. Wlam a fortunate detach- 
ment has laid the attached base of the coral oj)en to view, it pre- 
sents all the periods of growth which t ook i)lace until the corallum 
had attained to nearly its full diameter, and all the cycles of septa, 
and the successively formc.'d and superseded walls, witli thc^ clearness 
of an explanatory diagram drawn on jiajier. 

Bull-sized examples of the MonlHvaltice just; mentioned have a con- 
siderably elongated fossula : but the examination of the base shows 
that at first, and until several cycles of scjita and several encircling 
walls bad been produced, the fossula was represented by a more 
point. It was not until the corallum grow in an upward direction, 
that the fossula lost its circular form, and became linear. 

But in other species, which arc fixed by a point only, the diameter 
of the corallum is not so much the result of a series of successively 
produced walls, as of the expanding and ui)ward growth of an early 
formed wall, which growth must of necessity in such species take 
place before the whole of the cycles arc produced, instead of after- 
wards. There are other species, again, which are attached by a base 
of intermediate size. Those will increase in size by both methods of 
growth. Both the turbinate and the cylindrical or intermediate forms 
may have the fossula circular or linear ; but from what has already 
been said, it will he readily understood that, when elongated, some 
Q.J.G.S. No. 160. 3 b 
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open, the septa being exsert only near to the mural line. Between all 
of them there is a well-defined and depressed line, corresponding 
with the upper margin of the wall. The septa are extremely deli- 
cate, having only the thickness of a hair. They do not exceed in 
this respect those of Anahacia cowplanata. 

The costse covering the common or investing wall (those of the 
side of the corallum alone being observable in the fragment) are 
continuous with the septa of the contiguous calicos ; but none of the 
septa join with those of other caliees, there being a distinct break 
in the depression between the caliees. Both septa and costao are 
closely and regularly papillatod, the papillae having a direction across 
the septum. 

The cycles are difficult to count, but in a full-sized calico there 
arc more thrin one Imndrcd septa, the greater number of which 
meet in the centre of the calico, bui; do not blend. 

Gemmation is observable between the caliees. 

Diameter of the calicos 3 to 4 lines. 

Compar('d with C. from the Inferior Oolite, it differs 

in having the corallum more globular, the caliees smaller and much 
dee])er, and the septa and septal costa) much thinner, more nume- 
rous, and much more closely jjapillated. The extreme delicacy 
of the septa would alone distinguish the present species from all 
others. 

The only specimen received was obtained from the Great Oolite at 
Rety. 

CoKEUSASTRiiiA MAGKiFicA, Tomcs, Quait. Joum. Gcol. Soc. vol. xxxix. 
p. 184, pi. vii. figs. 16 & 22 (1883). 

After a careful comiiarison of a specimen forw arded by M. Rigaux 
with the type specimen of C. magnijim, I am unable to determine 
that ihere are sufficient differences to constitute a new species. The 
French specimen, however, differs from the one from Fairford in 
having a concave instead of a peduncular base, and in having the 
caliees rather more prominent and their central region more 
open. 

The specimen examined came from the Corn brash of Le Wast. 
CoKPITSASTIliEA, sp. 

A very much worn coral from the same locality as the last ; differs 
from it in having caliees which are fewer in number and of 
twice the size. Two of these are so ill-defined the one from the 
other as to lead to the supposition that they are confluent, as in 
Chorhastraa. Better specimens are needed to determine the true 
affinities of this coral, though it may be confidently regarded as di- 
stinct from any other species here mentioned. 

Genus Isastma, M.-Edw. and Haime. 

IsASTRffiA LiMiTATA, Lamx., in Michelin. 

The specimens from the Combrash of Le Wast, and the Great 
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Oolite of Hydrequent and Bloqiionoque do not differ in any important 
respect from English specimens from Eairford, Biirford, Glympton, 
and other localities. 

IsASTKJEA EXPLANULATA, Milne- Ed wards and Uaime, Brit. Foss. 

Cor. pt. ii. p. Ilf), tab. xxiv. fig. 3. 

A portion of a dendroid specimen in very ])erfect preservation has 
been forwarded by M. Higaiix, wliich he obtained from the Great 
Oolite at Hydrequent. It resembles with great exactness specimens 
Irom the Great Oolite of Burford. Another sj)ecinicn was collected 
at Blequeneque. 

iSASTUJEA TTJPEKOSA, 11. sp. 

The present species possesses nearly the sam(^ characters as tlie 
one from the Cireat Oolite of Itollright and Eairford, to wliich i have 
given the name of Imstr,v(f Becalctfi ; but its calicos are not more 
than one fourth the size of those of that s]>ecios. 

The corallum is oblong, and of moderate* size. The calicos are 
nearly circular, and the Inssula, which is deep, is round and well 
defined. 

The se[)ta are much exsert and are continuous with those of other 
calicos. They are rather thick, a.nd their sides have numerous well- 
defined vertical and proiniiieiit ridges, Avhich terminates at the edge 
of the septum and there form papillie. When the calicos are worn 
down, the septa arc seen i/O unite in the centre of the calice, and 
form a spurious columella ; hut this is not visible in the unworn 
calicos. Ijj a well- formed calice there are twenty -four septa, twelve 
of which pass nearly into the fossula, and the other twelve are about 
half their length. 

Greatest diameter of the corallum finches (> lines; diameter of 
the calicos from 1 to id line. 

It occurs in the (Jreat Oolite of Hydrequent; but as only one 
specimen has been forwarded by M. lligaux, it is presumably not 
abundant. 

1 have seen a coral in the Museum at Oxford which I believe is 
identical with this, and which Prof. Prestwich informed me came 
with Mr. Brown’s collection, and was obtained near Cirencester. 
The present species and I. Besdeyl form a small group of Isastroece 
which differs from ordinary hastroo' in having the septa very much 
exsert and continuous with those of other calices, and in having an 
imperfectly developed wall. Imstnm depressa has the septa con- 
tinuous also ; but they arc not ati all exsert. 

Genus LATiMiKANDiu, M.-Edw. & Haime. 
Latim.eandka, sp. 

As with some other species in the collection, the present one is 
represented by one example only. It possesses some peculiarities 
in common with Latimceandra Haimei^ such as the particular 
character of the septa, the union of the shorter of these with the 
longer, and the blending together of the principal ones in the centre 
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of the calice. It differs, however, in ha\dng toger and deeper 
calices, very few of which are arranged in series, the series in 
all cases being short, and not containing more than two calices. 

The state of preservation of the specimen is unsatisfactory^, and 
I prefer for the present to abstain from giving it a specific 
name. 

It was obtained from the Great Oolite at Weiry, 

LATiMif^ANDEA LOTiiAEiNGA, E. dc Erom. Cat. Polyp, de rYonne 
(1856). 

The species which I have already, in ray paper on Great-Oolite 
corals, referred, though not without some hesitation, to the Latimm- 
andra lotharinga of M. de Eromentel, occurs also in the Cornbrash 
of Le Wast. Compared with English exam[)les from Purford, Eoll- 
right, and Stonesfield in Oxfordshire, and Eairfordin Gloucestershire, 
the French specimens present no points of difference. 


Genus TnAMXASTEiEA. 

In my paper on the Corals of the Coral Eag * 1 made some 
remarks on the non-perforale nature of the septa of the well-known 
Thamnastnm araclmoidts^ and hinted at the desirability of removing 
it from the genus Tkamnastnm. This had, however, practically 
been done by Milaschewitsch, who, while placing it in that genus, 
did so with an expression of doubt ; this 1 whoEy overlooked. 

The species on which the genus Thti'niiHistrcva was founded is a 
dendroid form from the Middle Oolite of Caen : this I have not as yet 
had the o])j)ortunity of examining ; its near ally, Thamnastrcmi 
Lyelli, from Stonesfield, is, like most of the Great-Oolite corals, 
wholly without internal structure, and whether the tissues were 
Ijerforato or not cannot be ascertained. In the absence therefore 
of direct evidence respecting the structure of both the type and the 
allied species, it is difficult to say whether Tlmmnastraxi is a perfo- 
rate or imperforate genus, but it may with the greatest confidence 
be asserted that, as at present accepted, it is made uj) of a mixed 
assemblage of forms which have little more in common than the one 
character of confiuent septal costae. 

On this subject I shall have occasion further to remark when 
speaking of the Coral-Eag Thamnc(^tro5a\ 

TuAMXASTR.nA MAMMOSA, M.-Edw. & Huime, Brit. Foss. Cor. p. 119, 
pi. xxiii. fig. 3. 

Specimens from the Cornbrash of Lo Wast differ from others from 
the lower part of the Great Oolite of Hydrequent in having the coral- 
lum smaller and more globular; otherwise they are alike, and both 
have the calicos rather smaller, and the septa more delicate than in 
the English specimens. 

* Quart. Journ. Geol. Soc. vol. xxxix. p. 658. 
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Genus Anabacia. 

Anabacia complaeata, Defiance, sp. 

Fungia complamta^ Defr. Diet. Sc. Nat. t. xvii. p. 217 (1820). 
Anahada orhulites, Milne-Edwards and Haime, Brit. Eoss. Cor. 

p. 121. 

Anccbacia complanata, Miliic-Edwards and Haime, Hist. Nat. Corail, 
t. iii. Pi 31. 

Specimens of this abundant and widespread species have been 
forwarded by M. Bigaux from the Great Oolite of MaK^uise and 
Hydrequent. 

Anabacia BoTJCTiAiiDi, Miliio-Edwaids and Haime, Polyp. Eoss. 
des Terr. Paleoz p. 122 (1851). 

I fail to satisfy myself that this species is really distinct from the 
last. It is characieri/x'd by the greater number and the extreme 
delicacy of the stipta ; but in both these respects it is approached so 
nearly by some examples of A. vomplanata that it is very difficult 
to determine where one species ends and the other begins. 

As it was from specimens from Boulogne that MM. Milne- 
Edwards and Haime hrst described this species, the specimens from 
M. liigaux possess especial interest and value for comparison. Spe- 
cimens have been received from Le Wast. 


Genus Gexabacia, Milne-Edwards and Haime. 

Genabacia sTELLii'ERA, d'Arcliiac, sp. 

Fungia stellifera, d'Ai’chiac, Mem. de la Soc. Gdol. do France, 
2mc serie, t. v. p. 3(>9, pi. 25. fig. 2 (1843). 

Genahacia slellifera^ Milne-Edwards and Haime, Ann. des 8c. Nat, 
3me serie, t. xv. p. 92 (Ja851). 

Specimens of this well-marked species from the Cornbrash of 
Marquise, one of the localities quoted by the original describers of 
the genus Genahacia^ resemble in all respects examples received 
from M. de Eromeutel, which he obtained from the “ Bathonien ’’ 
formation of Montarlot. 1 have long expected to moot with the 
genus Genahacia in our English Oolites, but have not as yet been 
successful in my search for it. 

Genus Mickosolexa. 

Mickosolena excelsa, M.-Edw. and Haime, Brit. Eoss. Cor. p. 124, 
pi. xxv. fig. 5 (1851). 

A single example unquestionably referable to this species has 
been sent by M. liigaux. It agrees in all respects with English 
specimens. From the Great Oolite of Hydrequent. 
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Species from the Coral Hag, 
Genus Stylina, M.-Edw. & Haime. 


Stylina, sp. 

A spcjcies which is represented by a single worn specimen apper- 
taining to the decamoral type of M. dc Fromcntel, appears in the 
collection. 

The calicos are rather crowded, and have a diameter of one line, 
with rather tliick and prominent margins. There are ten principal 
septa, which arc of one length, and eJosety approach the columella. 
The remainder, ten in number, are very short. The columella is a 
little comjjressed. The intercalicular costoo arc, so far as may be 
ascertained in the worn specimen, of nearly equal size. 

I Innx^ compared this coral with tStjilitnv from our own Coral 
llag, and from i)resumably eorresjxmding horizons at Nattheim and 
in the IJaiite-Saone, but fail to idemtify it with either species : nor can 
I refer it to any of those which have b(‘en described by MM. ]Milne- 
Edwards and Ilaiine, M^I. do Eromenl el, Milaschewitsch, and others. 
It appears i-o come nearer to ^i^flina connfrtda and S. hidhda of 
M. do Eromenicl than to any others. 

The S])ecimen mentioned was obtained from the Coral E-ag of 
Hourecq. 

Btylina, sp. 

Another worn specimen, spccificall}' distinct from the foregoing, 
has calicos which are not crowded, and which have a diameter of two 
lines. There are six ])riraary septa, which closely a})proach the colu- 
mella and end in a ])aliforiu enlarge ment, which is etpial in size to 
the somewhjit comjiressed columella. Six secondary septa are one 
third the length of the ])riinary on(‘s, and have no terminal enlarge- 
ment. U'hose of the third cycle are half the length of tlie second. 
Neither the prominence of the eali(*es nor the intercalicular costae 
arc observable from the worn condition of t he specimen. 

It was taken from the Coral Eag at Questrccques, at a somewhat 
higher gc'ological level than the last-ineiitioncd species, from which 
it is obviously distinct. 

Genus CALAMoniYLLiA, Elainv. 

Calamophyllia pseudostylina, !Mich. sp. 

Lithodemlron pseudostglma^ Mich. Icon. Zooph. p. Ob, pi. 19. tig. 9. 
Calainoplufllia pseiulosti/llita, IM.-Edw. & Haime, Hist. Nat. Corall. 
vol. ii. p. 96, pi. xix. tig. 9. 

Several clusters of broken corallitcs in paraUel masses, having 
very equal non-papillated but granulated mural costae, and frequently 
recurring and strongly developed annular expansions, occur in the 
collection. These, in the size of the corallites and in the equal 
development of the costae, as well as in the particulars above stated, 
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agree closely with the figure of Lithoclendron pseudostylina of 
Michelin. The largest specimen consists of the terminal portion of 
a corallum : that is to say, of a good many corallites of small size 
placed rather closely side hy side. In these, as well as in fragments 
having a greater diameter, a rather large and highly porous colu- 
mella is observable. This I do not find mentioned by Michelin or 
by MM. Milne-Edwards and Haimo. The species occurs at Ilourecq 
or Hosdin TAbbe. 

Genus IIhabdophyllia, M.-Edw. & Haime. 

Ehabdopuyllia Ptiillipsi, M.-Edw. & Haime, Polyp. Foss. Terr. 
Palcoz. p. (S;i (1851); Brit. Foss. Cor. p. 87, xv, fig. 3 
(1851). 

Only one sx^ecimen, wliicli agrees very closely wdth IStecxdo 
Ashton specimens, has reached me. The species has been obtained 
from Hourccc] and the Mont des Boucards. 

Genus Tiii:c'os:milia, M.-Edw. & Haime. 

Tuecosmilia AN 24 iJLAi{is, M.-Edw. A Haime, Pol. F"oss. Terr. Paleoz. 
p. 77 (1851) ; Brit. Foss. Cor. x>. 84, pi. xiii. fig. 1, and pi. xiv. 
fig. 1 (1851). 

A considerable number of sx)ocimons, cliiefly in tVagments, are in 
the collection of M. Bigaux, which, la})elled with the names of 
Hourecq, Boucard, and lloiilhd’ort, determine the range in time of 
the species in the Corallian of the Boulonnais. 

(fcnus Co.vPUSASTK/EA, d’Orl). 

C0NPI7SASTK.KA, Sp. 

The collection contains a portion of a large s])ecimon which, 
when entire, must have had a diameter of at least 8 or 0 inches. 
I am unable, from its j)re.sent condition, to deiiTmirie the sx)ecie8, 
but may state that the calicos are larg(?r and the septa stouter than 
in Conf usastrem maynijlca. 

Genus Dtaiokphopiiyllia, Beiiss. 

DiMORPHornYLLiA .TFiiExsis, Beckcr, PuluDontographica, vol. xxi. 
p. 155, pi. xxxvii. fig. 8. 

Tho only evidence of the x^i’esencc of this well-marked sx^ecios 
in the Coral Bag of tho Boulonnais rests on a somewhat frag- 
mentary but well-preserved and characteristic specimen sent to me 
by M. Bigaux several years since. It was obtained from Hourecq, 
and, until relieved of its enclosing matrix, was sux)posed to be a 
Thamnastrem with widely separated cahees. Compared with speci- 
mens of Dimorj)hophyllia o.Tylopha, Beuss, in my collection, from 
the Upper Oligocene K of Monte Grumi, the generic identity of 
the Jurassic and Tertiary species becomes evident. With the 
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IHimrplwphyUia juren^ of Becker, from the Corallian of Nattheim, 
it is unquestionably specifically identical. 

Genus Latim^eandka, M.-Edw. & Haime. 

. SEQUANA, E. de From. Bull. Soc. Geol. de France, 
2me serie, t. xiii. p. 862; Monogr. Polyp. Jurass. Sup. pt. i. 
p. 23, pi. ii. fig. 3. 

M. de Fromentel has described a species of Latimceandra under 
the above name which, he observes, cannot, from the peculiar 
arrangement of the calicos, be confounded with any other species. 
There are three specimens of a Laiimceandra in the collection for- 
warded by M. Itigaux, all from the upper part of the Corallian, 
which in the number and conformation of the septa, correspond 
with the description and figure of the above species, as given by the 
original describer. 

'J'he arrangement of the calicos in lines or in groups between 
distinct and well-developed ridges, much as in the genus Comoseris^ 
obsei’vable in this sj)ccics, is not, however, a character on which too 
much reliance can be placed ; for not only are the ridges, as mentioned 
byM. de Fromentel, irregular on different parts of the corallum, but 
in two of the three specimens here mentioned they are wholly wanting. 
The peculiar though inconstant ridges in this species render my 
already expressed opinion that more than one generic form is included 
in the genus Laiimceandra^ all the more probable. Although given 
by M. de Fromentel as ai)pert.aining to the Portland Oolite only, 
it must now be added to tlie list of species of tlie Corallian, though 
so far as is known up to the present time, it is confined to the 
upper beds of that formation. 


Genus Isaste.s;a, IIM. M.-Edw. & Haime. 

ISASTRiEA EXPLAN ATA, Goldf. Sp. 

Astrcea exiilaimta, Goldf., Petref. Germ. t. i. p. 112, pi. 38, fig. 14. 
Isastrcea explanata^ M.-Edw. & Haime, Pol. Foss. Terr. Paleoz. 
p. 103. 

Of this well-known species M. Kigaux forwards me a single 
example, which differs from Stceple-Ashton specimens only in 
having the calicular surface nearly flat instead of convex, and the 
underside almost peduncular, and furnished with a more fully deve- 
loped epitheca. It was obtained from Hourecq. 

IsASTK-EA nELIANTHOIDES, Goldf. Sp. 

Astrcea helianthoides^ Goldf. Petref. Germ. p. 05, pi. 22, fig. 4a. 
Isasti'cca lieliantlioides, Milne-Edwards and Haime, Hist. Nat. Cor. 
t. ii. p. 538. 

I have compared specimens received from M. Kigaux with others 
from the Coral Kag of Nattheim, and find that they do not differ in 
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any essential degree from eacli other. Its habitats are Hoiirecq, 
the Mont des Boucards, and Houllefort. 

IsASTR-ffiA PORTLANDicA, E. de From. Monogr. Polyp. Jurass. Sup^ 
p. 42, pi. iv. fig. 0. 

A species of Isastma having calices which bear some resemblance 
to those of our Tsrfstrcea explanata, both in their superficial character 
and in their size, occurs quitiO high up in the Oolitic formation, in a 
bed which corresponds, as 1 learn from M. lligaux, with our Kim- 
meridgc Clay. 

In the number of cycles and in the relative length of the septa of 
the different (‘ycles, as well as in the size of the calices. it agrees 
very well ^^’itll the figure of L poHlandica, to which it must be 
referred. 


Genus TitocnosEiiis, M.-Edw. & Haime. 

Teochoseris oolttica, n. sji. PI. XXXII. figs. 10-12. 

Several specimens of a species of Trochoneris, all from the “ Lower 
grit of Houllefort,’’ which were forwarded to me several years since 
by M. Pdgaux, I believe to be undescribed. I therefore give them 
the above name, and describe them as follows : — 

The corallum has the form of an inverted cone, the diameter of 
which somewhat exceeds its height, and it was attached by its point. 
The mural costm are rather broad, ecjiial in size, rounded and granu- 
lated, and placed closely side by side. They extend the whole length 
of the corallum ; but there arc occasional narrow bands of epi theca 
on some of the specimens, especially near to the point of attachment. 
The calico is irregularly round or ovoid, shallow, and the septa, which 
are not exsert, slope into the centre, which is de])ressod and occuined 
by a small and ])a])illose columella. All the sei)ta are rather stout, 
closely placed, and the shorter ones run into the longer ones, mostly 
forming pairs, though sometimes groups of thi’ce or four arc formed. 
They arc all thicher at their outer than their inner ends, and their 
margins have closely placed tubercles, the longer diameter of which 
is across the sejda. There are four cycles and part of a fifth. All 
the septa have their sides ornamented by pointed tubercles (synapti- 
culae) which are rudely arranged in horizontal rows, and when these 
arc near the margin of a septum they mix with those on its edge, 
and give to it the appearance of great thickness. The columella is 
small, depressed, and composed of about twenty papilla?. 

The length of the corallum is from G to 8 lines, and the diameter 
from 7 to 9 lines. 

The only species of Troclwneris to which the present bears resem- 
blance is the Trocliosms Moy^rim of Huiicau from the Upper Green- 
sand of Haldon ; but the septa of TrocAoseris oolitica arc much more 
crowded, anastomose much less, and are less exsert. 

M. de Fromontel t has described a Trochoseris from the CoraBian 

* Quart. Journ. Qeoi. Soc. vol. xxxv. p. 89, pi. viii. figs. 13, 14. 
t Introd. Etude Polyp. Foss. p. 128. 
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of Champlitte under the name of Trochoseris corallina, which has 
as many as 120 unequal septa, or nearly double the number of those 
of the present species. 

Genus Thami^astiijea, Losauvage. 

Of the generic claims of the Coral-Rag Thamnastrcece, I can only 
speak definitely in so far as some of the species are concerned. The 
first on the list has true synapticuloe and imperforate septa, and most 
likely the same characters appear in the second. These are probably 
true Fungida) ; but the other species have not yet received that close 
attention which is essential for their proper determination. I 
prefer therefore, for the present, to leave tlie genus where I find it, 
rather than to make divisions which would perhaps render necessary 
a complete revision of the nomenclature of tlie group. 

TnAMNASTlLEA ? LAT 13 I J^IAKDKOTnEA, n. Sp. PI. XXXII. figS. 18, 19. 

In the external conformation of the corallumthis species so closely 
resembles some sijecies of Lcitiraaiaiidra^ that I placed it in that 
genus until the discovery of syiiapticulm rendered its presence among 
the Astraudai impossible. 

The general outline of the upper or calicular surface may bo 
described as moderately convex, and as having an irregularly ovoid 
but lobular outline, the corallites being on some parts of the corallum 
divided into groups of 8 or 10, which are completely surrounded 
by an outer or common wall, somewhat as in the Chorisastrem dahia 
of Becker * and the (7. eoridluia of M. de Fj’omcntel t. 

So far as may be observed from the condition of the specimen, 
there has been a thin (‘pitheca, which, being for the most part lost, 
reveals mural costa), which, though not. strongly marked, are very 
uniform in size and j)crsist6nt, and bear some resemblance to those 
of Thaninastraa arachuoldcs. 

The calicos are mostly simple, being in series in two parts of the 
corallum only. In one of these there are two calices, and in the 
other five. Tho walls enclosing tlie calices are well developed and 
Xirominent, and the latter are deep, and have a well-marked and 
spongy columella, which is rather large in size. The septa are thin 
and anastomose a good deal. There arc about (JO in a simple calico ; 
about 12 of tliese, constituting the first cycle, pass into the columella, 
and all the others, according to their rauk, unite at dilierent points 
with the primary ones, and occasionally with the secondary ones, 
and form groups, somewhat as in tho I'roclioseris Morrisi described 
by Prof. Duncan from the Cretaceous formation of Haldon J. 

The synapticula) are not very regular in t.heir development, but 
are in distinct lines, wliich correspond to the margins of the septa. 
They are true synapticula^, and very nearly resemble those of 
Tlmmnastra^a arachnoid cs. I fail to detect pores in the septa ; and 
if the latter are imperforate the species would fall within the defini- 
tion proposed for the family Fungiduc by ^lilaschcwitsch, that is to 

* Palaeontogmphica, vol. xxi. t Polyp. CoralL de Gray, pi. vii. fig. 5. 

t Quart. Journ. Geol. Soc. vol. xxxv. p. 94, pi. viii. fig. 14. 
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say, it would be possessed of true synapticuloe and a non-porous 
structure of the tissue of the corallum. 

The coral here described, while preserving the outward form and 
appearance of a Latinumndra^ possesses a structure which approxi- 
mates it to Tliamnastra^a aracJinoidea^ from which it differs in having 
much thinner and much more numerous septa, and more fully deve- 
loped walls. 

I have already, in a former paper on Coral-Rag Madreporaria, 
suggested that the well-known Thamnastra’a arachioides possesses 
some peculiarities which render its }dace in the genus Thamnastreea * 
very doubtful. The present allied species, with its well-developed 
walls, occasions still more doubt as to its aflBnities with that 
imperfectly defined genus, and points to tlic necessity for its revision. 
It occurs at Hourccq, from which place a single specimen has been 
forwarded. 

THAMNASTRJiA ? CONCINNA, Goldf. Sp. 

Astra^a concimia^ Goldf., retref. Germ. t. i. p. (>4, pi. 22. fig. 1 a. 
TJiamnastroia coneinna, M.-Edw. &: llaimc, Pol. Foss. Terr. Paleoz. 

p. in. 

From information supplied by M. Rigaux, I learn that this 
common species is as well known in the Coi*al Rag of Boulogne as in 
that deposit in this country. Several specimems kindly forwarded at 
different times for my use came from the middle Kimraeridgc of 
Belledale, the Coral Rag of Hourecq, the Coralline Oolite of the 
Mont des Boucards, and the Lower (kilcarc^ous Grit of Iloullefort. 
It has been ])laced in the genus TJianinaatnva by ^lihischewitsch, 
but with an expression of doubt. In that doubt I fully participate. 

Thamnastiu5A foltacea, Quenst. sj). 

Agaricia foliacea, Quenst, Handb. d. Petrd'. 1 Aufl. p. 051 . 

When compared with examples of TImmnaMraa foUacea from the 
Corallian of Nattheim, several si>ecimeiis which liave been collected 
from the Coral Rag of Boucard and Tlourecq l)y M, Rigaux arc seen 
to agree so closely as to render their identificaiion easy and certain. 

Thamnastilea gibuosa, Becker. Palscontographica, vol. xxi. p. 170, 
pi. xl. fig. B. 

A specimen from the Coral Rag of Houllefort differs chiefly from 
the figure given by Bcck(U’ of this species in having the short septa 
sometimes passing into the longer or primary ones. Tho latter are 
from eight to ten in number, and the columeUa, as shown in Becker’s 
figure, is styliform. 

THAMEASTBiEA, Sp. 

A much worn coral, specifically undeterminable, but obviously 
nearly related to Thamnastraa coneinna, has been met with by 
M. Rigaux at Chatillon in the Lower Portland Oolite or in the beds 

* Quart. Journ. Geol. Soc. toI. xxxix. p. 558. 
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of the Upper Bammeridge. It differs from all the specimens of 
T, concinna I have seen, whether from the Corallian of Prance, 
Nattheim, Steeple Ashton, Highworth, Lyneham, or Headington, in 
having the calices smaller, and all their parts more delicately formed. 
The calices in the worn example are circular, and rather far apart. 
There are 0 septa, and a columella which is rather less strongly 
developed than in T, concinna. 

Although distinct from T, concinna (as may be at once seen by its 
having only one cycle of septa), the present species has so essentially 
a Coral-Rag aspect as to point at once to its being the lingering 
remains of the coral fauna of the Corallian. 

Genus Mickosoleka, Lamx. 

AIicrosolena expansa, Etallon, Etudes Paleont. sur le Haut Jura, 
p. 125. 

In the very thin and plate-like form of its corallum, and in the 
small number and delicacy of its septa, and in their arrangement 
in grou])s, a single specimen from the Coral Rag of Hourecq cor- 
responds very well with the Microsole na expansa of M. Etallon. 
The greatest thickness of the specimen does not exceed 3 lines, and 
its greatest expanse is 2 inches. Although so thin, it is composed 
of a great number of very thin and sui)erimposed layers. 

Micuosolena sp. 

A species from the Coral Rag of Houllefort which bears some 
resemblance to Microsolena repularis in the size and arrange- 
ment of the septa, differs considerably from that species in 
having much larger calices, which are, however, less distinctly 
defined. The corallum, too, presents considerable difference in its 
form, being sub turbinate, and formed by a series of successive layers 
which have an irregular lobular outline. 

Genus Comosekis, d’Orbigny. 

CoMOSERis TKBADiAxs, Milne-Edwards and Haime, Rrit. Eoss. Cor. 
p. 101, pi. xix. fig. 1 (1851). 

Specimens from the Coral Rag of the Mont dcs Boucards and 
Hourecq do not differ in any important respect from those from the 
Coral Rag of this country. 


In conclusion, I wish to record my very sincere thanks to M. 
Rigaux for the unreserved manner in which he placed in my hands, 
not only his collection of specimens, but also his notes of their localities 
and position, and allowed me to make such use of them as I found 
necessary. Excepting for his liberality, the present communication 
would have been most incomplete and unsatisfactory. 
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EXPLANATION OP PLATE XXXII. 

Fig. 1. DiscocoBnia hononiensi^^ the corallum, natural size. 

2. , the calioc, miifijnified two diameters. 

3. Ceratocoenia elongata, the corallum, natural size. 

4. , the calice magnified, showing its broken margin, smooth 

inner margins to the septa, and its broad and smooth floor. 

5. Scyj)hoc€enia tiiamhiifcray tlie corallum, natural size. 

6. , a cfilice magnified, showing the large, smooth, and peculiarly 

formed septa. 

7. , another specimen of smaller size, showing external lateral 

gemmation. 

S. f.TccI-Sif, the corallum, natural size. 

1). . the reverse side of the same specimen, from which a part of 

a corallite has been broken off vertically, revealing well-develop^ 
labulae. A comparison of this figure with figure 3 of plate vii. 
vol. \xxix. <jf t he Quarterly Journal, will show how nearly the present 
species is allied to a coral Irom the Great Oolite of Stonesfield. 

10. Trochoi^eris (tollflca, the corallum, natural size. 

11. .part of a calice magnified, showing some of the septa and the 

columella. 

12. , Some syna])ticiila3, magnified, exj)osed by the horizontal frac- 

ture of a S!nall specimen. 

13. Bathyammi Jirndspha'Hca, the. ctirallum, naturtil size. 

14 ‘ ^ the bjisc, showing the mode of attachment to a shell, and 

the wcill-developed mural costie. 

15. Muntlivaltia Uiyauxi, the corallum, natural size. 

1(). , th<* calice, natural size. 

17. , a septum, magnified, showing the diirerence in the orna- 

mentation in this and other lenticular Alontlivaltim, 

17 A. , a portion of a 8e[>tum, more highly magnified. 

18. ThamnastrcBa ? Icitimceandroidca^ the corallum, natural size. 

10. , a calice, magnified. 

20. Coiiftcmstnea Riyauxl, a portion of a corallum, natural size. 

21. , some calices, magnified. 
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48 . On the JN^attthe mid Relations of the Jurassic Deposits which 
underlie London. Ey Prof. John W. Judd, F.R.S., Sec. G.S. 
With an Introductory Hote on a Deep Borino at Richmond, 
Surrey. By Collett Homersham, Esq., Assoc. M. Inst. C.E., 
F.G.S. (Read February 6th and June 25th, 1884.) 

[Plate L'XXIII.] 
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I. Introduotor}^ Note on the Richmond Well. 

II. Gcnenil Remarks on Ihc Geological Bearings of the Undertaking. 

III. The Tertiary Btreta. 

IV. The Chalk. 

V. Ihe Uppcir Greensand. 

VI. The Gault. 

VTL 1'ho Neocomian (?)Beds. 

VITI. Tile Great Oolite. 

IX. Tile Greal-Oolite Strata at Messrs. Meiix’s Well in the Tottenham 

Court -Road. 

X. General Characters of the Great-Oolite Strata under London. 

XI. Tlie Poikilitic (?) Strata. 

XII. Conclusion. Bearing of the Facts described upon the following Ques- 
tions : — 

A. The Position and Nature of the “ Palicozoic Axis,” and its 

Relations to Overlying Strata. 

B. The Watcr-Su}>ply of the Metropolis. 

C. The ptissible Existence oi‘ Coal at. Workable Depths under 

London. 

[The paragraphs in brackets luive been added or modified since tlic reading 
of the paper.] 


I. Introductory Note on tue RicioroND Well. 

The well and bore-hole (see fig. 1, p. 744) which have revealed 
the particulars of the strata described in this paper are sunk on the 
premises of the Richmojid Yestry Waterworks, situated about 160 
yards below Richmond Bridge, on the right bank of the Thames. 
The common centre of the well and borc-holc is about 33 yards 
distant from the liigh -water line of ordinary sjiring tides. The 
altitude of the surface of the bore-hole is about 17 ft. above 
Ordnance datum. 

The well, which has an internal diameter of 7 ft. at top and 5 ft. 
at the bottom, was sunk in 187 6 for the purpose of supplying water 
to the town of Richmond, and was carried down to the Chsilk, which 
was met with at 253 ft. below the surface. 

From the bottom of the well a 24-in. bore-hole was further sunk 
to the total depth of 434 ft., thus penetrating 181 ft. into the Chalk. 
This well and hore-hole were completed in the summer of 1877. 

The Tertiaries passed through were represented by 160 ffc. of 
London Clay, 60 ft. of the Woolwich and Reading b^, and some 
underlying sands. 
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Down to 434 ft. the writer of this notice was in no way 
connected with the carrying out of the work; Messrs, lluss and 
Minns being the engineers under whose direction the well and bore- 
hole to the doptli before stated were executed. Samples of the 
Tertiaries passed through were kept, and can be inspected at the office 
of the Waterworks, Water Lane, Kichmond. 

The water yielded by^ the above well and bore-hole (about 1()0 
gallons a minute) is mainly derived from the 'J'ertiaries, and in its 
normal condition rises 4 or ;*> ft. above the surface ; at present, 
however, the level of the water is alwa 5 ^s depress(al about 130 ft. 
by pumping. 

In 1881, a further su])ply of water for the town being needed, 
the Itichmond Vestry, acting upon the advice of the writers father, 
Mr. 8. C. Homersham, M.Inst.C.E., determined to carry the bore- 
hole to a much greater depth ; a contract was accordingly entered 
into to execute the neeessary preliminary works, and to deepen 
the bore-hole by^ steam-machinery. The existing bore-hole wus 
first enlarged and straightont'd to enable a line of cast-iron pipes 
with an internal diameter of 104 in., having the lower end driven 
water-tight into tlu^ Chalk at a (l(‘,pth of 438 ft., to he carried up 
to the surface. An annular sj)ace l)etween the circumference of 
the bore-hole and the outsider of the lino of iron pipes was loft, of 
sufficient capacity to allow any water yielded from this bore to rise 
into the well in an un contaminated state for the 8up])ly of the town 
during the time the hore-lfoh^ was Ixung dec])ened. From the in- 
side, and below the bottom of this lino of pi])es, a bore-hole 1 in. 
diam. was commenced in January 1SS2. The enlarging of the 
original bore-hole, and the subsequent deepening, proved tlio chalk 
to contain regular layers of flint down to tlio depth of 502 ft., as 
shown in the section (fig. 1, p. 744). Hard grey chalk w as met with 
at 580 ft. () in., and chalk marl at 82n ft., the latter j)roving to bo 
about 104 ft. thick. 

The total thickness of the Chalk was thus (>71 ft.; and below 
the depth (434 ft.) where the now boring commenced, it failed to 
yield any water. 

The Uj)per (Treensand was next encountered, and proved to be 
only 16 ft. thick, ranging between the dci)ths of 024 and 940 ft. 
This bed wms of a close and compact nature, and did not yield any 
water. 

The Gault clay, 201 ft. 6 in. thick, was next successfully pierced, 
a thin bed of phosphatic nodules (of the ty])C usuallyT^ underlying 
the Gault stratum) being met with at its base at the depth of 
1141 ft. 6 in. from the surface. A bed, which is probably of Neo- 
comian age, was next reached ; but further boring proved this series 
to be but meagrely represented by a bed only 10 ft. in thickness, 
unfavourable to the percolation of water : the sam])les and cores 
obtained showing it to be of a sandy and glauconitic nature, the 
harder portion much resembling Kentish Eag. 

Another thin layer of phosphatic nodules was passed through at 
1151 ft, 6 in., when a bed, at its first appearance of an abnormal 
Q. J.G.S. No. 160. 3 c 
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tj’pe, was met with ; this bed mainly consisted of hard limestone, 
and proved to be 87 ft. 6 in. in thickness, ending at the depth of 
1230 ft. In this stratum a bed of clay, 3 ft. Gin. thick, was passed 
tlirough at the depth of 1205 ft., and from this Professor Judd pro- 
cured many of the fossils he is about to describe, and which prove 
the bed to belong to the Great Oolite formation. A thin layer of 
Fuller's Earth was also met with at 1227 ft. 

Two springs of water were struck in this bod at the respective 
depths of 1203 and 1210 ft. from the surface. The water thus 
tapped was found to rise into, and overflow from, the top of a tube 
which was raised 49 ft. above the surface of the ground. The yield 
near the surface of the ground was found to be 1| gallon a minute. 
This water is remarkably soft, being only about two degrees of hard- 
ness by Clark’s scale, and contains 2G grains of chloride of sodium 
per gallon, besides othcT mineral matter, consisting of carbonate and 
sulphate of soda, with a small quantity of potash salts and carbo- 
nates of lime and magnesia. 

A partial analysis of the oolitic rock at the depth of 1195 ft. from 
the surface showed it to be constituted as follows : — 

Carbonate of Lime 87*40 per cent. 

Sand &c. (insoluble in acid) 4*5() „ 

Sulphide of iron in the form of Pyrites . 2-40 „ 

At the depth of 1239 ft. beds of a v^Ty different character were 
met with, viz. hard red sandstone alternating with beds of variegated 
sandy marl or clay. AVhen the bore-hole had been carried down 
to a depth of 14 ft. into these beds, a further supply of water 
was mot witfl, which rose to the surface and overflowed into the 
Thames at the rate of 1 J gallon a minute. 

After the dc])th of 1252 ft, 9 in. had been attained the yield 
steadily increased as the boring was deepened. 

The following table shows the quantity of water that overflowed 
into the Thames as the respective depths named were reached : — 


Yield of Water from the lied Sandstone Stratum, 


Depth from Surface, 
ft. in. 

Overflowed Surface at rate of 
Gallons a minute. 

12o2 

9 

1*72 

12r>4 

T) 

2-9 

12o8 

0 


12<>0 

0 

2-7() 

12G2 

6 

3-0 

127G 

8 

3-24 

J270 

0 

3-4 

1294 

0 

3-8 

1301 

0 

4-3 

1310 

0 

4-3 

J329 

0 

4-9 

1359 

0 

5-8 

1363 

0 

7*9 

1368 

0 

9-5 

1387 

0 

110 
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The water thus yielded was found by careful trial to rise in a 
tube to an altitude of 49 ft. above the surface and overllow, and a 
suitable pressure-gauge showed that the water rose with a force 
that would cause it to attain to a level of 12() ft. above the surface, 
or to a height of about 130 ft. above Trinity liigh-water mark. 

[An analysis of the water yielded by the bore-hole when it had 
reached the depth of 1337 ft. was made by Dr. E. Frankland, E.lt.8. 
The result of this analysis expressed in parts per J nO,oO(). shows the 
water to be charged with mineral matter to the t'xltuit of 104*88 
parts of solid matter in lOO,O0o parts of water, consisting of upwards 
of 30 parts of chloride of sodium and 57*2 parts of carbonate of soda. 
The water at this depth maintained the soft eliaraclor found in the 
prenous analysis, and was again under two degrees of hardness by 
Clark s scale.] 

The steam- apparatus and tools used in sinking this bore-hole down 
to the depth of 1337 feet were those known as the “ llat-ropo system.’' 
A heavy boring-bar armed with steel cutters, secured at the end of 
the flat rope, strikes a succession of blows (about 20 a minute), and 
so cuts u]) the bottom of the bore-hok^, Ihe percussive action of the 
boring-bar being produced by a steam-cylinder above the surface of 
the ground. A ratehct-motion fixed to the boring-bar and the 
twist of tlie rope cause the stec^l-cutters to rotate whilst the })ercu8- 
sive process is in o])crati()n. hy tliis system ex(;ellent samples can 
be obtained, the round cores being produced by the inner edge of the 
steel chisels that radiate from the circumference towards the centre 
of the boring-head, and so cut out a solid ])orti()n from the coiitre of 
the boro-hole <‘is the chisels fall and rotate. Sometimes these round 
cores are brought to the surface jammed between the sU*(‘l chisels of 
the boring-head, at others they are brought up with the rest of the 
debris which is removed from the bottom of the bore-hole liy means 
of a shell-j)ump, also lowered and raised by the hat ro])e : the shell- 
pump does valuable work in bringing to the surface, with liftle loss, 
the softer layers of clay and loam met witli between tlio harder beds. 

Erom AIM) ft. below the surface dowJi to the; pres(;nt depth, cores 
and other samples, every 2 or 3 ft. a])art, have been carefully kept 
and labelled as the boring ])roceeded. 

The size and nature of the core's varies with the diam(4cr of the 
bore-hole and the character of the strata from which thi;y are cut. 
In the Chalk, where the diameter of the hole bored was lb.] in., the 
cores are very round and perfect, and about 3^ in. in diameter, and 
in some cases S or 9 in. in length. 

Prom the Cault and Lower Greensand, where the diameter of the 
bore-hole was reduced to ]3| in., the cores are 2^ in. iu diameter ; 
and in the Oolitic limestone, where the boring was further reduced 
to 11| in., the cores were found less frequently, and were about 
2 in. across. 

[At the depth of 1334 ft. the bore-hole was reduced to a little 
under 9 in. in diameter, and the rock being very jointed and fissured 
few perfect cores .were obtained by the percussive system of boring 
above described. At the depth of 1337 ft. it was found expedient 

3c 2 
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to change the method of boring ; the old machine was taken down, 
and a rotary diamond rock-boring machine erected in its place. 
This last machine has carried down the bore-hole with a diameter 
of in. from 1337 to 1367 ft. 6 in., at which last depth, lining 
tubes ha^dng to be inserted, the diameter of the bore-hole was 
further reduced to 7| in., with which diameter it has now reached 
the total depth of 1409 ft. The cores obtained from the last 72 ft., 
being large and solid (from 5 to 6 in. in diameter), enable the dif- 
ferent dips of the strata to be very accurately determined. These 
cores too show the rocks to be of much the same character as when 
these Bed Sandstone beds were first reached.] 

The bore-hole is now lined with strong iron tubes down to tho 
depth of 13G4 ft. ; tliose j)ortions of the tubes that are in proximity 
to the different depths where water was struck, are drilled with holes 
to admit the water into them. 

ITnfortunjitely, till the depth of 1337 ft. was reached, time could 
not be spared to make accurate observations as to the rise in tempe- 
rature as the boro-liole was deepened ; but the following table serves 
to show that the water at the ditiereiit depths named liad tlie tempe- 
rature of deep-s(‘ated sjirings : — 

Date. Depth from Surface. Deg^r-es Fahr. 


Vch. 24th. 1883 

It. 

1140 

in. 

(> 

o 

69 

March 24tJi „ 

1175 

7 

70 

A])ril 7th ,, 

1105 

0 

73 

Ai)ri] 21ssi „ 

1212 

0 ...... 

73 


The above are not the true temperatures at the depths named, 
but were ascertnined by the following rough method : — A round 
vessel nearly the size of tho bore-hole, ha\'ing a valve at bottom 
opening u]n^'ards, was loAvered to the bottom and brought to the 
surface. The valve of the vessel closing directly the winding-engine 
was reversed, collected the water from the bottom of the bore-hole, 
and the temperature of the water so collected was taken when the 
vessel had reached the surface. The raising of the water to the 
surface only occupied two or three minutes. 

The three following observations on the temperature of the bottom 
were taken when the bore-hole had reached the depth of 1337 ft. 
below the surface. The bore-hole was full of water and overflowing 
at the rat(^ of from 3 to 4 gallons a minute. 

In all tln ee cases it is clear that the results obtained are free from 
any error due to heat generated by the friction of the tools during 
the procc'ss of boring, as the results are identical, and in 17o. 1 there 
had been a cessation of boring operations for 3 weeks, in No. 2 for 
4 weeks, and in No. 3 for 13 weeks. 

In the first two cases the thermometer was simply lowered, and 
left in No. 1 for 1 J hour, and in No. 2 for 5| hours ; in both cases 
the temperature registered was 76|° Fahr., the temperature of the 
air at tho surface being respectively 51° and 53° Fahr. 

In No. 3 the thermometer was lowered inside a wrought-iron 
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tube, whicb was buried for its whole length (5 ft.) in a bed of sand 
10 ft. in thickness, which had been washed in to the bottom of the 
bore-hole. To endeavour to prevent any heat being lost by convec- 
tive disturbance, the bore-hole was plugged with cement and sand 
for several feet above the layer of washed-in sand. The thermo- 
meter was left at the bottom for 3 days (viz. from noon, Saturday 
June 7th, to noon, Tuesday Juno loth), when it was hauled up and 
found again to have registered a temperature of Fahr. ; the 
temperature of the air at the surface, when the thermometer was 
lowered, being 54^ Fahr., and when brought to surface 57^ Fahr. 

Taking an assumed surfaco-temperaturo of 50'^ Fahr., and com- 
paring it with 75^ Fahr. at the depth of 1337 ft. , the result indicates 
an increase of temperature at the rate of 1° Fahr. for every 52*43 ft. 
in depth. 

The thermometer used lor the above trials was a Negretti’s maxi- 
mum, kindly sent to the iiulhor for the purpose by Prof. Everett, 
Heerotary to the Underground TeTn])e]*ature Committee of the British 
Association. 

Tahh of Trials. 


Trial 

No. 

Bate. 

Temperature of Air 
a t Surface. 

Time Therm on i. 
\s’us al. bottom of 
boro-1 lole. 

Tomperaturo 

registered. 

1 

March LS84 

lAilir. 



J | Ijoiirs 

75^° Fahr. 

o 

March 31si, ] "’81 

: 53° J^^alir. 

5,1 hours 

754° Fahr. 


June 7th, 8th, Util, 1 
loth J 

51° to 57° Balir. 

72 liours 

75J° Fahr. 


In conclusion, I may add that the boring, which is still in progress, 
had, at tlie date of this })aper going to press, Oct. 15tli, 1884, attained 
the depth of 1401) ft., being 1U7 ft. deeper tlian that of the deepest 
well or bore-hole hitlieri.o sunk in the London Basin. The deepest 
well and bore-hole before this was sunk was that at Xontisli Town, 
which reached to the depth of 1302 ft. from the surface. 

When, howevei-, we take the mean of high- and low-water as a 
datum (O.D.),and compare the relative doptlis, then it will be found 
that the bore-hole at lUchmoud has reached the depth of 274 ft. below 
that of Kentish Towji (see tig. 2, p. 7()0). C. H. 

II. General IIemarks on the Geological Bearings of the 
Undertaking. 

My attention was first directed to this interesting section some 
time after the Gault had been reached in the boring, and since then 
every facility bas been kindly afforded me by Mr. B. C. Homer- 
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sham, M.InBt.C.E., and his son, my former pupil, Mr. Collett 
Homersham, P.G.S., for studying the beds as they were succes- 
sively passed through. This task has been rendered the more easy 
by my residence in the immediate neighbourhood of the well. 

FortunaU'Jy I found, upon inquiry, that the records of the previous 
work had been so admirably kept, and the series of specimens 
obtained was so complete, that I had no difficulty whatever in 
recognizing the limits of the Tertiaries, Chalk, Upper Greensand, 
and Gault with the greatest exactness. Further than this, I had 
the good fortune to obtain evidence of the existence of remarkable 

junction-beds,” which enabled me to define the limits of those 
great divisions of the Chalk-series which have been established 
by the palaeontological studies of that formation during the last 
twenty years. 

The cores obtnined from this well during the earlier stages of 
the work have neither the great diameter nor the length of those 
obtained when boring is carried on by the diamond rock-drill ; 
but I am convinced that for the purpose of the geologist the evi- 
dence supplied by the specimens obtained at Richmond was far 
more valuable than that which would be yielded by boring with a 
crown set with diamonds. In the latter case, as has been so well 
pointed out by Mr. H. J. Eunson, F.G.S. *, though very perfect 
cores are obtained from tlie hardest rocks, yet, in part through the 
grinding of one section of a core upon another, and in part through 
the action of the powerful current of water forced down the bore- 
hole, large portions of the softer deposits are washed away and 
lost. Mr. Eunson shows, in the case of a boring near Northami>- 
ton, executed with the diamond rock-drill, that where soft and hard 
rocks alternate, the cores brought to the surface represented in some 
cases only 04 per cent, of the depth bored. 

In the case of the Eichmond boring, satisfactory cores of the 
harder beds were procured, and, what is of more importance, samples 
of all the beds passed through, soft and hard alike, were brought to 
the surface in the shell-pump. 

The specimens obtained were treated by various methods, according 
to their characters, in the geological laboratory of the Normal 
School of Science and Eoyal School of Mines. The harder rocks 
had thin slices cut from them for microscopic examination; the 
softer ones were broken up by water or by the action of frost, and 
all microscopic organisms in them carefully extracted by sifting and 
sorting. Wherever it was thought necessary, the specimens were 
submitted to partial chemical examination or to complete analysis. 

In giving the results of this series of studies, I shall confine 
myself to the statement of such observations as appear to throw 
new light upon important geological questions. 

III. The Tertiary Strata. 

"Kie upper portion of the well was made some years ago ; but a 
series of carefully selected specimens of the beds passed through has 
* * Minutes of Proc, Inst. Civ. Eng.* vol. Ixxiv. pp. 274 and 281. 
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been preserved in the office of the Eichmond Waterworks by Mr. 
Peirce, the resident engineer, and these enable me to identify the 
limits of the several strata overlying the Chalk without difficulty. 

The locality in which the well was commenced is in the oldest 
part of the town of llichmond, and materials which had evidently 
been disturbed were mot with down to the depth of 10 ft. Of the 
very sandy gravel which covers all that part of the Thames Valley 
around Eichmond and Kcw, only a slight remnant, about 10 in. 
in thickness, was found undisturbed. 

The London Cla}’, presenting its usual characters, was then met 
with, and the sinking was continued for IGO ft. in this formation. 

The Lower London Tertiaries were represented by 44 ft. of the 
well-known variegated Plastic Clays of the Woolwich and Eeading 
series, underlain by 12^ ft. of sand and sandstone, the base of the 
series being formed by elaj^s with a lignite-band and the usual layer 
of rounded flint-pebbles. The strata below this pebble-bed evidently 
belong to the Thanet Sand, which in its characters precisely agrees 
with what is seen of the formation at many points along its outcrop. 
The upper portion of the scries at Eichmond consists of light ash- 
coloured sands having a thickness of 131 ft.; while the lower 
portion, with a thickness of 8 ft., consists of darker-coloured greenish 
sands with a considerable admixture of argillaceous matter and 
many glauconite grains. 

At the bottom of the Thanet Sand was found the band of unworn 
flints, coated with a dark green substance, which is everywhere so 
characteristic of the junction of the Tertiary strata with the Chalk. 
The whole thickness of tho Thanet 8and, including the band of flints 
at its base, is 22 J ft. 

The complete section down to the Chalk is as follows ; — 

ft. in. 


Woolwich and 
Reading Series. 


Thanet 

Sand. 


Made ground 

Post-Terti.'iry sandy gravel 
London Clay 


( Mottled (red and green) clays 
Yellow sand 


Hard sandstone rock 

Light-coloured clay 

Clay with much lignite and a band of well- 

rounded pebbles at its base 

Light a.sh-grey sand 

Dark-coloured argillaceous sand with much 

glauconite 

Band of green-coated flints 


10 0 
10 

160 0 
44 0 
8 0 
4 0 
2 0 

1 6 
13 6 

8 0 
1 0 


White chalk with flints. 


lY. The Chalk. 

The Chalk was struck in the llichmond woU at a depth of 253 
ft. from the surface, or about 236 ft. below Ordnance datum line 
or mean level of the sea. In two other wells at llichmond, one at 
the old Waterworks and the other at the Star-and-Garter Hotel, the 
top of the Chalk appears to have been met with at about the same 
level. 
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It; is a well-known fact that the level at which the Chalk has been 
reached in different wells within the London Basin has varied 
within very wide limits. Thus at Meiix’s Brewery the surface of 
the Chalk is only 71 ft. below O.D. ; at Kentish Town it is 138 ft. 
and at Crossness 133 ft. below the same level. 

At most places in Surrey near Richmond, such as Wimbledon, 
Mortlake, Morden, and Wandsworth, the surface of the Chalk is 
about 250 ft. below O.D. ; but at Kingston it is said to be 346 ft. 
and at Claremont 458 ft. below that level. 

As the thickness of the Chalk strata beneath London appears to be 
tolerably uniform, averaging about 650 ft., the irregularities in the 
surface of the formation must be due to the undulations into which 
the strata have been thrown. A fault or series of faults, very 
nearly coincident with the lino of the Thames Yalley, ranges cast 
and west from Erith and Greenwich to Windsor, and there is 
evidence that, parallel with these, there exists a series of long folds 
accom 2 )anied in some cases probablj’^ by dislocations. These undula- 
tions of the strata are a result of that great system of movements which 
took place in Oligocene and Miocene times and were probably 
connected with the elevation of the Alpine chains. The effects of 
these movements upon the Chalk strata have been very carefully 
investigated by MM. Hebert and Barrois. Richmond appears to be 
situated on the downthrow side of the series of faults which traverse 
the London Basin from east to west. 

At a depth 924 ft. from the surface, the Richmond boring 
reached strata which, as we shall presently show, unquestionably 
represent the Upper Greensand. Thus the whole thickness of the 
Chalk, including the white chalk, the grey chalk, and the chalk marl, 
is 671 ft. This thickness is slightly greater than that found in 
the more central parts of the London Jhisin. Thus at Kentish Town 
the Chalk is 645 ft. thick ; at Meux^s Brewery 655^ ft. ; at Crossness 
637 g ft. But on the other hand the thickness of the Chalk at Rich- 
mond is considerably less than at Turnford near Cheshunt in the 
northern half of the London Basin, Avhere it was found to be no less 
than 73(^ ft. In passing still further northwards and eastwards 
we find that successively higher members of the Chalk have escaped 
the pre-Tertiary denudation, and thus the Chalk attains a thickness 
of 817 ft. at Coombs near Htowmarket, and of 1140 ft. at Korwich. 

Those who are familiar with the sparse distribution of the larger 
fossil organisms in the Chalk strata, will be prepared to learn that 
but few fossils were detected in the comparatively small cores brought 
up from this boring ; such occasional fossils as were found proved 
quite insufficient for defining the several pala 30 iitological zones 
which are now known to bo represented in that great formation. 
The microzoa, which are so abundant in the Chalk, have not, up to 
the present time, had their vertical distribution so carefully studied 
as to render us much aid towards the same end. It is a fortunate 
circumstance, therefore, that by the study of the series of cores from 
the Riclimond boring it has been found possible to recognize two 
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very distinct horizons in the Chalk strata, and in this way to 
determine tor the first time the limits and thicknesses of the 
principal subdivisions of the Chalk below London. 

At a distance of 300 ft. below the top of the Chalk at llichmond, 
or 553 ft. from the surface, a stratum of very marked and peculiar 
character was met with. The rock is of a creamy yellow tint (the 
chalk above and below it being pure white) and is seen to be made 
up of a number of nodular masses of a hard variety of chalk, each 
of these nodules being coated with a greenish deposit, while the 
interspaces between the masses are filled with a somewhat argillaceous 
matrix. In consequence of the presence of this argillaceous matrix 
the rock when immersed in water easily breaks up, the nodular 
masses of which it is composed separating the one from the other. 
The thickness of this stratum cannot exceed 5 ft. 

The nodular masses themselves contain 8*14 per cent, of matter 
which is not soluble in acids, while the portions of rock in which 
much of the matrix and the green coating of the nodules occurs were 
found to yield no loss than 1 0*7 per cent, of insoluble matter. 

This rock agrees so precisely in all its characters with the stratum 
which has been so well described by Mr. Whitaker as the “ Chalk 
Hock,” that I cannot doubt of our having in the Eichmond well the 
representative of that interesting horizon. The Chalk Eock is not 
known immediately to the south of London, for I agree with 
Mr. Whitaker in thinking that the nodular bed recognized by 
Mr. Drew at several points in Surrey, and so well exposed in the 
“ Eoso and Crown ” i)it near Kenley, is at a considerably higher 
horizon. The Chalk Eock has been noticed, however, as a very thin 
layer in Devonshire, Dorsetshire, and the Isle of Wight, by Mr. 
Whitaker, and on the coast of Normandy by M. Hebert. 

About 20 ft. below the Chalk Eock, another bod of an indu- 
rated, but not nodular, character occurred. It is probably one of 
those harder bands sometimes found intercalated between the softer 
beds of chalk, like that for example which forms the roof of the 
underground workings at Chislehurst. 

At a distance of 137 ft. below the Chalk Eock, however, a second 
horizon of great importance can be recognized. Instead of the 
ordinary chalk, we find a yellowish limestone of markedly crystal- 
line character. The material is so hard, indeed, that it often preserves 
perfectly slickensided surfaces, and it rings under the hammer. 
Some portions of the mass are nodular, with the nodules coated by 
a greenish deposit, as is the case with the Chalk Eock. Other 
portions of this mass are seen, in polished sections and in thin slices 
under the microscope, to be made up of more or less rounded frag- 
ments of an ordinary globigerina-chalk imbedded in a matrix 
composed of broken shells, Foraminifera, and Echinoderms ; frag- 
ments of Belemnitcs can also be detected in this curious rOck. 
The characters of this very remarkable rock are illustrated in 
Plate XXXIII. The whole stratum does not exceed 15 ft. in 
thickness. 
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A similar rock was met with in the shafts of the Harden Park 
Tunnel on the Croydon and Oxtead Railway, the sections in which 
have been so well described by Mr. Caleb Evans 

The Melbourn Rock of Mr. Jukes-Brownef appears to be very 
similar to that found in the Richmond boring; and there can be no 
doubt that in this latter we have a representative of the Zone of 
Belemnites plenus in the remanie condition which has been so 
admirably described by M. C. Rarrois. In the cliff-section at 
Folkestone, Mr. F. G. H. Price found the same bed with a thick- 
ness of 4 ft.J The Melbourn Rock contains 0*92 per cent, of 
insoluble matter, the rock from the Richmond well 1 *3 per cent. 

The detection of these two important horizons (the Chalk Rock 
and the Zone of Belemnites plenus) in the Richmond boring, furnishes 
us with the most valuable aid in classifying the Chalk strata of the 
London area. 

The whole of the strata, 300 ft. in thickness, which lie above 
the Chalk Rock, belong to the Upper Chalk, or Senonian of Conti- 
nental authors, and to the lower part of that division, the Chalk 
with Micrasters ; the Upper Senonian, or Chalk with Belemnitellas, 
not being represented in the London area. 

Through the upper 200 ft. of the Chalk with Micrasters in the 
Richmond well, layers of chalk flints occur at pretty regular intervals. 
In the lower 100 ft. the bands of flint are less regular and constant, 
and before the Chalk Rock is reached they cease altogether. Forty 
feet above the Chalk Rock a band of dark grey marl about 3 in. 
thick occurs in the midst of the Chalk. 

The Chalk Rock itself is probably a diminutive representative of 
the Zone of Holaster planus. 

The next 137 ft. of strata, consisting of chalk of a less purely 
white colour and with only few and scattered flints, but with oc- 
casional thin seams of marl, represents the Zones of Ter ehratula gracilis 
and of Inoceramus lahiatus, but we have no moans of estimating 
the thickness of the beds belonging to each of these divisions in the 
section under consideration. 

The Zone of Belemnites plenus is, as shown by M. C. Barrois, 
the fragmentary representative of a great series of strata, which in 
some parts of France contains a remarkable and distinctive fauna. 
The three zones, having a united thickness at Richmond of less than 
150 ft., arc the diminished representative of the Middle Chalk, or 
Tiironiari of Continental authors. 

The Chalk strata which lie below the Zone of Belemnites plenus, 
220 ft. in thickness at Richmond, consist of grey marly chalk 
without flints. In passing downwards these strata become more 
and more argillaceous, and of a darker colour, the bottom beds being 
“ chalk-marl but so gradually does the transition from grey chalk 
to clialk marl take place, that in the absence of any representative 

* Proc. Gool. Assoc. 1870. 

t Mem. Geol. Surv., “ Geology of the Neighbourhood of Cambridge,” p. 55 

X Quart. Journ. Geol. Soc. vol. xmii. (1877), pp. 439, 440, 445. 
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of the Totternhoe Stone, I find it quite impossible to say where the 
one division ends and the other begins. Doubtless the Zones of 
Holcister suhglohosus and Ithynchonella Martini are represented in 
these beds, but their limits it is impossible to define. RTiynchondla 
Martini and numerous fish-remains occur in the higher part of this 
division ; while the lowest 50 ft. of it certainly belongs to the 
Chalk Marl, as is shown not only by its lithological characters, but 
by the presence of Ammonites varians and Ifamites, A specimen 
of the Chalk Marl from the llichmond well from a depth of 919 ft. 
was found to contain nearly 50 per cent, of insoluble material, among 
which were man}" curiously incrustod spongo-spiculos. 

These 220 ft. of grey chalk and chalk marl, with the underlying 
Upper Greensand, make up the Lower Chalk or Cenomanian of 
Continental geologists. At Dover this division is about 194 ft. in 
thickness^. 

Y. The Upl’er Greensand. 

In the case of several of the deej) borings in the London Basin 
considerable doubt exists as to the thickness and limits of the beds 
which should be referred to the U])per Greensand ; but upon this 
point, fortunately, the Itichmond boring affords perfectly satisfactory 
evidence. 

At a depth of 924 ft. from the surface there was a decided 
change from the dark-grey rock of the Chalk Marl to more sandy 
strata with much mica and numerous glauconitic grains, which 
continued with little change down to the depth of 940 ft. These 
strata yielded a few fossils, chiefiy fragments of Pcctens (P. orhica- 
laris. Sow., and P. interstriaia, Leym.). The mineral characters of 
the beds, as seen in hand specimens and .also in thin slices under the 
microscope, agree so closely with those of the Upper Greensand of 
Surrey, that not the smallest doubt can exist as to their belonging 
to that formation. 

The Upper Greensand at Richmond consists of three portioius, 
which may be distinguished as follows : — 


1 (1) Hard micaceous sandy rock fi 

(2) Softer and more marly beds 6 

(3) Harder rock, similar to (1), but, containing more 

glauconite 4 

Upper Gault clay. 


The beds (1) and (3) are quite undistinguishablc in character and 
appearance from the well-known “ Firestone of Godstone. They 
contain respectively only 14’5 and 12"5 per cent, of calcic carbonate ; 
the insoluble residue consisting of fine quartz-sand, mica, and 
glauconite. A characteristic specimen of Firestone from Godstone 
yielded on analysis 10*2 per cent, of calcic carbonate. 

The bed (2) is softer and approximates in character to the 
“ Hearthstone ’’ of the Godstone pits, a typical specimen of which 
was found to contain 38 per cent, of calcic carbonate. The Rich- 
* See F. G. H. Price, Quart. Joum. Geol. Soc. vol. xxxiii. (1877), p. 445. 



736 PROP. J. W. JUDD ON THE NATITRE AND RELATIONS OP 

mond rock contains 19*5 per cent, of calcic carbonate, the insoluble 
residue containing less sand but more argillaceous matter than the 
beds above and below it. 


YI. The Gault. 

The change from the glauconitic sandy beds of the Upper Green- 
sand to the marly clays of the Upper Gault is very well marked in 
the Richmond boring. The base of the Lower Gault is also un- 
mistakably defined by the usual band of phosphatic nodules. In 
this way the Gault is proved to extend from the depth of 940 ft. to 
that of 1141^ ft. from the surface, and to have a thickness of 
ft. 

It thus appears that the thickness of the Gault at llichmond 
exceeds that found in any of the other deep London wells, which 


gave the following results : — 

ffc. 

Kentish Town 130^ 

Louglitoii (Kssox) 132^ 

Meuxs Erewery 160 

Ware 160 

Turnford, near Ches])imt 161 

Crossness, near Erith 176 


Eor this result, however, we were not unprepared, for many facts 
point to the conclusion that along the base of the North Downs the 
Gault clay has a very considerable thickness, and that this thickness 
much exceeds that which is indicated on tlic maps and sections of 
the Geological Purvey. This conclusion has been confirmed by the 
well at Bhoreham, near Bevenoaks, where the Gault was found to bo 
at least 226 ft. in thickness, and by that at Caterham Waterworks, 
where it was no less than 343 ft. The development of the Gault 
at llichmond is tlieref ore just what might have been anticij)ated. 

In the Gault of Folkestone, which is less than 100 ft. in thickness, 
there occur several bauds with phosphatic nodules and y^emanie 
fossils, doubtless indicating interruptions of greater or less dmution 
in tbc process of sedimentation. These junction-beds have proved 
of much service as indicating the limits of the different zones into 
which the Gault has been divided by Mr. De Itanco and Mr. Price 
Fossils were tolerably abundant in the Gault cores from liicbmond. 
The most common, with the exception of fragmentary and unde- 
terminable fish, crustacean and ccliinoderm remains, which were 
found at many different horizons, are given in the following list, 
with the depth at which they occurred : — 

Hamilics ariuatus, Sow. (? slogans, (rOrh.) (94U ft.). 

Ancylocoras spiiiig(3rum, Sow.^ sp. (1104 1 'l). 

Aminoiiitos yplcndens. Sow. (1128 ft.). 

Ammonites I’oucliardianus, eVOrh.? (10a9 ft.). 

Ammoiiilos rostratus?, Sov), (1062 ft.). 

Ammonites interruptiis, Bmg. (IlOO ft.). 

Inoccramus eoucentricus, Sow., abundant (967 ft.). 

]Suciila, sp. 

Pontacrinus Fittoni. (990 ft.). 

Many species of Foraminifera. 

Plant remains. 
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The vertical distribution of these fossils perfectly agrees with what 
has been made out by the study of the Gault in other localities, 
especially in the cliff-section at Folkestone. Microzoa wore abundant 
in many of the beds, as was proved by washing them. But neither 
the evidence of the larger fossils, nor that of the microscopic forms, 
was sufRcient to enable the geologist to define any of the numerous 
zones which have been established in the Gault series. It would 
appear, however, that while at Folkestone wo have a thinner series 
owing to the fact that considerable periods wore represented only by 
‘‘ Coprolite ” beds, and in some cases possibly such layers indicate the 
denudation of strata already hiid down, at llichmond the deposition 
of sediment, gradually changing in its characters, went on quite 
continuously from the beginning to the end of the Gault period. 

In the Gault at llichmond I was not able to detect any 
“junction-beds ’’ except the one at the bas(? of the series. The 
upper portion of the formation exhibits clays of the marly com- 
position and pale colour so characteristic of the Upper Gault of 
Folkestone. A specimen of this I'j>]>er-Gault clay at llichmond 
taken from a depth of 1020 ft. from the surface, was found to con- 
tain nearly 33 per cent, of calcic carbonate, a nvsult in tolerable 
accordance with that obtained by Mr. Hudleston in his analysis 
of the Upper Gault of Folkestone ^*. The lowcn* portion of the Gault 
at llichmond has the dark blue colour, due to excess of pyrites, 
which almost everywhere distinguishes the lower beds of the Gault. 
In this part of the scries numerous nodules of crystallized pyrites, 
and others composed of argillaceous ironstone, of a j)ale tint and 
usually of small size, abounded. Between the ])ale-co]oured marly 
Upper Gault and the dark-coloured pyritous Low(W Gault there 
appears to be at llichmond the most perfect and insensible grada- 
tion. 

The lowest bod of the Gault becomes very sandy and is filled with 
dark-green grains of glauconite. This sandy bed ])asBes down into 
the well-known junction-bed, containing many perfectly rounded 
grains of white quartz, a considerable quantity of similar grains of 
red jasper, and many subangular fragments of quartzite, crystalline 
limestone, and other hard rocks, some of considerable size. Inter- 
mingled with these we find a few nodules of pyrites and many of 
phosphate of lime, the latter being sometimes dark coloured and 
apparently rounded and waterworn, and at others lighter in colour 
and irregular in form. A specimen of these phosphatic nodules 
was kindly analyzed for me by Dr. Percy F. Frarikland, F.I.C., in 
the Laboratory of Agricultural Chemistry, attached to the Science 
Schools at South Kensington. The iierccntage of phosphoric anhy- 
dride was found to be 20-21. 

One of the cores brought up from the well at a depth of 1141 ft, 
6 in. exhibits the actual junction of this phosphatic bed with the 
rocks below. 


Quart. Jouni. Geol. Soc. vol. xxx. (1874), p. 3r)4. 
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yil. The Neocomian (?) Beds. 

Down to this point the order of succession and the thicknesses of 
the several deposits were precisely such as were anticipated from the 
data already obtained concerning the strata of the London Basin. 
But below the base of the Gault certain rocks of a very remarkable 
and unexpected character were encountered in the llichmond well. 

The “junction-bed” at the base of the Gault was found to rest 
directly upon beds of limestone of a somewhat peculiar character. 
The uppermost portion of this limestone was rather sandy in compo- 
sition, and contained some particles of glauconite and a great 
number of brown grains which had the appearance of being formed 
by the decomposition of that mineral. In thin sections under the 
microscope, this rock was seen to be made up of waterworn frag- 
ments of shells, Foraminifera, Bryozoa, and corals, with a matrix 
of subcrystalline limestone. The rock very closely resembles, both 
macroscopically and microscopically, certain varieties of the Kentish 

The insoluble residue of this rock, which varied in amount in 
difterent samples from 3 to 13 per cent, of the whole, was found to 
consist of glauconite grains more or less decomposed, fine particles 
of sand, and some clayey matter. In this respect it also resembled 
Kentish Bag, a typical example of which yielded I0j| per cent, of 
insoluble matter of a like kind. 

But as we proceed downwards, these limestones appear to gradually 
alter in their chfiracter and pass into a rock of a totally different 
appearance, when viewed in thin sections under the microscope. 
These lower beds of limestone are found to consist of a fine-grained 
calcareous paste, through which are scattered in greater or less 
abundance oolitic grains, fragments of bivalves, small univalves, and 
Foraminifera coated with a film of calcic carbonate, the whole being 
impregnated with finely divided iron-pyrites. These limestones 
make up a bed about 9 ft. 6 in. thick, which is interrupted at 
a depth of 4 ft. from its upper surface by a band of clay about 9 
in. in thickness. The careful washing of this clay band yielded 
the following results. It contained an immense number of detached 
oolitic grains, a number of waterworn shells, Bryozoa, Foraminifera, 
and fragments of Echirioderms, often coated with a deposit of calcic 
carbonate. In lesser numbers arc found grains of glauconite, par- 
ticles of iron-pyrites (often oval in form and with beautifully 
bright surfaces), fragments of teeth, and spines of fish, and very 
much worn and eroded fragments of Belemnites. In addition to 
these were many particles of imperfect coaly material, and a few 
of anthracite, also some waterworn fragments of sandstone and 
other hard rocks. 

A careful study of the substances contained in this clay band leads 
mo to the conclusion that they are for the most part derived from 
the limestone strata which, as we shall presently see, underlie 
the curious series of deposits we are now describing. A few speci- 
mens of Foraminifera and Ostracoda appear to have belonged to 
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the period of the deposition of these rocks, and not to have been 
derived from any older formation. 

Prof. T. Rupert Jones, E.R.S., who has kindly examined these 
microscopic forms for me, has detected the following species : — 

Odracodii, 

Macrocyprig Bradiana, sp. n. 

Oytbere Schwngeriana, sp. n. 

Cytliere juglaiidica, sp. n. 

Cy there (Oytbereis) quadrilatera, Him. 

Cytbere, sp. 

Fomminifem. 

Cristellaria rofiilata, Lam. 

Oristellaria ciiltrata, Montf. 

Cristellaria, sp. 

Lituola depressa, sp. n. (probably derived). 

Of these minute fossils Prof. T. Rupert Jones remarks that there is 
nothing particularly characteristic of an}' formation, similar forms 
ranging through Secondary, Tertiary, and Recent times. 

At a depth of 1 ^ ft. below this clay-band there occurred a thin 
layer of pyrites about half an inch in thickness, almost completely 
made up of small rounded or oval particles with a polished surface. 

Three feet lower we reach a very remarkable “junction-bed” 
containing phosphatic nodules like those in the bod at the base of 
the Gault. 

This junction-bed, which is only 0 in. in thickness, is of ver}’ 
peculiar character. Its matrix consists of clay cojitaining man} 
oolitic grains and fragments of fossils. Scattered thi ough this cla} 
are many subangular and rounded fragments, some of thorn of 
considerable size, of a micaceous sandstone, strikingly like that ol’ 
the Coal-measures, of quartzite and indurated sandstone, of sub- 
crystalline limestone, and of other hard rocks, with some particles of 
anthracite. Intermingled with those arc a number of phosphatii- 
nodules, one of which, analyzed hy Dr. Percy Frarikland, yielded 
27*06 per cent, of phosphoric anhydride. 

That the matrix of this remarkable “junction-bed” was derived 
from the denudation of the underlying Great-Oolite dc])osits, there 
cannot be the smallest doubt. Waterworn fragments of the oolitic 
limestone, oolitic grains disengaged from their matrix, and recog- 
nizable, though much u aterworn, with Jurassic forms of Brachiopoda 
and Bryozoa, abound in it. Fragmentary and waterworn teeth of 
Lammt^ Fyenodus.^ Hyhodus.^ and other Jurassic genera of fish, with 
fragments of spines and teeth too imperfect for recognition, also 
occur in it in great numbers. The only fossils in the bed which 
were not manifestly derived were a few Foraminifera and Ostracoda. 

The foreign rock-fragments in the mass appear to have been 
certainly derived from Palaeozoic deposits, which must have been m 
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situ at no great distance ; but this question will be discussed more 
fully in a subsequent portion of the present paper. 

The 1 Oft. of remarkable strata which intervene between the base of 
the Gault and the Great-Oolite beds, about to be described, offer 
some very interesting, and at the same time difficult, problems to the 
geologist. They seem to have been formed to a great extent of 
materials derived from the subjacent rocks, some of the fragments of 
which had been subjected to much attrition. The presence of phos- 
phatic nodules probably indicates the lapse of a considerable interval 
of time, during which sedimentation was suspended. The foreign 
fragments included in them, some of which are only rounded on 
their edges, suggest the proximity of land made up of the rocks in 
question. 

The problem of the age of this 10 ft. thickness of beds is one 
which it is not easy to solve. The limestones contain a few 
oysters, having the appearance of being dwarfed from the unfavour- 
able conditions of brackish water. They greatly resemble the 
small oysters found in the Punfield series, which I have elsewhere 
shown to bo the dwarfed condition of E.rogyra sinvata * ; but the 
dwarfed forms of many species of the Ostreidm are so similar to one 
another, that it is impossible to speak with any confidence con- 
cerning the geological age of these fossils. 

The only other fossils, not manifestly derived, which I obtained 
from these beds were the microscopic Ostracoda and Foraminifera ; 
these have been examined by Prof. T. Pupert Jones, F.E.S., and 
referred to the following species : — 

Ostraco da. 

Cythcre subcoiicentrica, b]), ii. Cythcrclla syinmetncn, sp. n. 

juglandica, fp. n. Bairdia Juddiana, sp. n. 

Cytheridea subperforata, sp. u. trigonaliB, sp. n. 

Foraminifera . 

Criatellaria itahea, Bcfr. 1 Cristellaria rotulata, Lam. 

Cristellaria, sp. | 

Prof. Jones says of these forms that while some may be of any 
Secondar)' or Tertiary age, others, like Cytliere concentrica and 
C. virginca, have Cretaceous allies or representatives. 

Although it must be confessed that the 10 ft. of strata under- 
lying the Gault at Eichmond may be of any age between that of 
the Great Oolite and that of the Gault, yet I think that, taking all 
the facts into consideration, they may be most probably referred 
to some part of the Neocomian period. 

In their nature and relations, though not in their age, these beds 
present some analogies with the “ Tourtia,” which in Belgium is so 
frequently found separating the rocks of the Palseozoic ridge from 
the overlying Upper Cretaceous strata. 

* Quart. Journ. Gkol. Soc. vol. xxvii. (1871), p. 214. 
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YIII. The Great Oolite. 

The 10 ft. of peculiar and somewhat puzzling strata which we 
have just described, rest on a series of oolitic limestones alternating 
with clayey and sandy beds, the whole having a thickness of 87| ft. 
At first sight the upper beds of this series do not appear to differ in 
a very marked manner from those tying upon them, except in the 
absence of grains of sand and glauconite. But this probably arises 
from the fact that the uj)p®^ series of beds is made up of rocks re- 
constructed for the most part of materials derived from the strata 
on which they rest. 

From the examination of those oolitic strata, both in hand speci- 
mens and in thin sections under the microscope, the following 
succession of beds may bo made out. It may be remarked that aU 
the beds, as is so commonly the case with Jurassic limestones 
which have not been exposed to w'cathering action, arc of a more or 
less marked deep blue colour. This colour is due to the presence 
of iron-pyrites, which was proved by chemical analysis in the case 
of one sample of these rocks to l)e present in it to the extent of 2*4 
per cent. 


(1) Dark-coloured very perfectly oolitic limestoiK', entirely ft. in. 

made up of oolitic grains, with many small waterworn 
fragments of fossils and a few very imj)orfcct larger por- 
tions oi' organisms. Tl>c np])cr part of ibis rock appoaired 
to be much disintegrated and the fossils in it are quite 
undeterminable 5 0 

(2) Limestones of a paler colour and more marly character, 

with scaltered oolitic, grains. Many Foraminifc.ra., in- 
cluding Crisfellaria, and Tea-iularUiy occur in tliis 

rock 22 6 

(3) Highly oolitic limestones of tlte same colour as (1) 10 0 

(4) Rock of more sliolly character with fewer oolitic grains. 

Many Foraminifera 11 0 


(5) Bock consisting of a comjmcl calcareous paste vt ith oolitic 
grains scattered tlirough it. Fragments of shells, 0.s- 
treciy Ph}7ia, and other Lamellibranchiata, witli ])oi-tioiis 
of Bracliiopoda and small Gast.oropodu and Foraminifera, 


abound in it 5 0 

(G) Beds of dark blue clay, in pla(!es crowded with fossils, and 

with subordinate limestone bands 3 6 

(7) Limestone of oolitic and shelly character 17 0 

(8) Band of Fuller’s Earth 0 6 


(9) Very fine-grained oolitic limestone with much pyrites. In 
passing downwards this ro(k assumes a more and more 
sandy character, and at, its base becomes a fissile calca- 
reous and iTiicac’oous sandstone resembling theStom^sfield 
and Colly west on Slates {Acrosahmia and other fossils)... 9 0 

(10) Oolitic limestones with many fragmentary shells, Osiraa 

Sowerh^i, &ic 3 6 

(11) Band of limestone of more open fcxtiiro, made uj) of 

large waterworn fragments of shells with a few grains 
of quartz-sand and particles of anthracite 0 6 

Total "87 T 

In these limestones well-preserved fossils are very rare. The 
comnimuted shell fragments of which so many of them are largely 
Q.J.G.S. No. 160. 3d 
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made up, are for the most part quite unrecognizable, and they are 
frequently coated with deposits of calcic carbonate. 

But as the boring was carried downwards, and more or less per- 
fectly recognizable fossils were brought to the surface, I became 
gradually impressed with the conviction that these fossils represent 
a Jurassic and not a Neocomiau fauna, and all doubt on the subject 
was removed when the beds (6) were reached. In those an enormous 
number of fossils occurred ; Brachiopoda, Bryozoa, Echinodermata, 
and many other forms being found in the richest profusion, and it 
soon became apparent that the forms of life represented in these beds 
were for the most part identical with those occurring in the Bradford 
Clay of Wiltshire, and in the “ Calcaire a polypiers of llanville in 
Normandy, that is to say, that tho}^ were of Great-Oolite age. 

Upon my communicating this very interesting and somewhat un- 
expected result to Prof. Prestwich, who from the first has taken 
the liveliest interest in this investigation, he agreed with me that 
it would be well, in order to minimize the risk of error in the 
identification of the fossils, to submit the forms representing certain 
groups to paleontologists who have made them their special study. 

After obtaining as many specimens as possible by the most care- 
ful washing, sifting, and picking of every particle of the clays 
brought to the surface, I submitted the Brachiopoda to Mr. T. 
Davidson, LL.D., F.E.S., and the Bryozoa to Mr. G. R, Vine. In 
doing so I merely stated that the specimens were obtained from a 
well, and carefiily abstained from any indication of my own con- 
viction as to the age of the beds. 

In reply to my letter, in which I especially asked if it were 
possible that any of the forms might beloiig to Cretaceous species, 
Mr. Davidson wrote as follows : — 

[After identifying the three Brachiopods sent as Terehratula 
coarctata, Terehratula maxillata, and lihynvlionella coucinna, he says:] 
“ From the examination of the three species I should be under the 
impression that you have pitched upon Jurassic rocks, not older or 
younger than the Great Oolite, Forest Marble, or Bradford Clay.” 
Mr. G. K. Vine wrote concerning the Brj^ozoa which I sent him, 
I found my opinion upon the fossils only ; I know nothing of the 
circumstances of the find, other than the fact you furnish me with 
in the letter — that the material has been found in the boring of a 
well. The fossils are of the age of the Great Oolite, not earlier, and 
probably not later, than the Forest Marble or Bradford Clay.” 

The other fossils in the following list will be seen to fully bear out 
these views. The strata are of Great^Oolite age, and as the Bradford 
Clay and Forest Marble were deposited under conditions very similar 
to those which must have prevailed when these clays wore formed, 
the nearest approach to their fauna is found in those formations, 
Mr. Vine remarks upon the exquisite state of preservation of 
these Bryozoa as follows ; — “ Most of the Oolite species that I have 
gathered are either water worn or broken from rocks. In this 
material the cell-mouth and the zoarium are as clear and sharp as 
in any of the Montechio (Eocene) Polyzoa.” 
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The same is true of all the other fossils found in this bed of clay. 
It cannot be doubtful that the colonies of branching Bryozoa and 
( Vinoids, with the Brachiopoda in every stage of growth lying among 
them, were overwhelmed and buried by a sudden influx of muddy 
sediment over the sca-bottom where they grew. 8o exquisitely are 
many of these fossils preserved, that, as will be shown in the 
a])pendix to this paper and in those which follow it, they serve in 
not a few cases to clear up difficulties which had hitherto existed 
concerning the structure of the species to which they belong. 


List of Fossils from, the Great Oolite under llichmond (Surrey). 


Larana (teoth). 

Nerinaea Eudesii, Lye. i\’ Mor. 
]Vatica, sp. 

Pholadoiiiya Heraulti, Ay. 

Lima, sp. 

Avicula, sp. 

Pinna, sp. 

Trichi tes, sp. 

Pecten riislidenensis, Lyc. 

Ostroa gre^jaria ? Sow. (young of O. 
Marshii (?), Sovk) 

Sovrerbyi, Lyc. tj" Mor. 

subrugulosa, Lyc. 8f Mor. 

Terebratula maxillata, Sow. 

(l)ictyotliyris) coarctata, ParJc, 

Bhynchonella conciiina, Sow. sp. 
Stomatopora dichotoma, Lama:. 

Waltoni, J. Haime. 

Diastopora diluviana, Lamx. 

microstoma, Mich. 

microstoma, Mich. var. con- 

nectens, Vine. 

Lamourouxii, Haime, 

Idiiionea triquelra, Lamx. 
Entalopliora straminea, Phill. 

riehmondiensis, Vine. 

ricUmondioiisis, Vine, var. 

pustulopora, Vine. 

Terebellaria incrcsceiis, Vme. 
Licheriopora Phillipsii,e7. Haime 
Heteropora conifera, Lamx. 
Fasciculipora Waltoni, J. Haimeift). 
Serpula intcstinalis, Phill. 

laciiiatiis, Phill. 

Vermicularia nodus, Phill. 
Pentacriniis scalaris, Gold/. 
Pentacrinus, sp. 

Apiocrinus, sp. 

Bourgueticrinus, sp. V 
Astropecten (marginal, and eye- 
plates ; spines ?). 


Cidaria bradl'ordensis, Wr. (spines 
and plates). 

, sp. 

Acrosalonia pustulata, Forbes ^ sp. 
(spines). 

, ap. (spines). 

Ilemieidaris, sp. (spines). 

Inobolia micula, Hindc. 

Peronella nana, liinde. 

Blastinia cristata, Hinde, 

pygmaea, Hinde. 

Oculospongia minuta, Hinde. 
Bairdia Hilda, sp. n. 

jurassica, sp. n. 

, var. tenuis, nov. 

Oytheridea subperforata, sp. n. 
Oytbere Gl-uembeliana, sp. n. 

drupacea, sp. n. 

Blakeana, sp. n. 

? tenella, sp. n. 

Bradiana, sp. n. 

(Oythereis) quadrilatera, Horn. 

?8p. 

Cythorella subovata, sp. n. 

jugosa, sp. n. 

Miliola (Quinqueloculina), sp. 
Lagona loevis, W. tf” J. 
Frondicularia oolithica, Terq. 

, var. regularis, nov. 

Vaginulina laevigata, Horn. 
Marginulina raphanus, Lin. 
Cristellaria orepidula, F. M. 

rotnlata, Lam. 

cultrata, Mmitf. 

Spirillina helvotica, K. ^ Z. 

crassa, Z,. K. [var. 

Planorbiilina Haidingeri, dlOro.., 

farcta, F. M., var. 

Pulvinulina elegans, dlOrb.j var. 

tenella, nov. 

Webbina?, sp. 


The 874 ft. of Great-Oolite strata at Kichmond are found resting 
directly upon rocks which, as we shall hereafter show, are pro- 
bably of Poikilitic age ; the Inferior Oolite, Lias, and libmtic being 
quite unrepresented. In this respect the relations of the Lower 

3 D 2 
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Oolites at Richmond arc similar to those of the strata of the same age 
in the Boulonnais. 

IX. The Great-Oolite Strata at Messrs. Meux's Wetx 
IN the Tottenham Court Road. 

In the deep well which was sunk in the year 1878 at Messrs. 
Meux Co.’s Brewery at the junction of Tottenham Court Road 
with Oxford Street, some very interesting strata were met with 
after the Gault had been penetrated and before the Devonian rocks 
were reached*. These strata, which included limestones of a re- 
markably oolitic structure, had a thickness of 64 ft. 

From some very imperfect casts of fossils which were found in 
these beds, they were, at the time of their discovery, referred to 
the Xeocomian system. The late Mr. Charles Moore of Bath, by 
carefully washing portions of these rocks, obtained from them many 
minute fossils, most of which were crushed and fragmentary, while 
many among them were rendered more obscure by their being 
either waterworn or coated with a crust of calcic carbonate, which 
had been deposited on their surfaces as they lay on the sea-bottom. 
So imi)crfect were these fossils, that Mr. Moore for the most part 
contented himself with placing on record the genus or family "to 
which they belonged. It is worthy of remark, however, that 
Mr. Moore was struck with the number of genera in these deposits 
which had not been found in strata younger than the JuraBsic. 
Even some Jurassic species, such as Tliecidium trianfftdare^ d’Orb., 
were identified ; but Mr. Moore, believing that the Xeocomian age of 
the beds bad been fuUy established, regarded the finding of Jurassic 
genera and species as simply proofs of an upward extension of the 
range of those forms. 

The similarity of the undoubted Great-Oolite beds of Richmond 
to those found at Meux’s Brewery between the Gault and Devo- 
nian, convinced me that the question, of the age of these beds caRed 
for the most careful reexamination. This task was not an easy 
one, for unfortunately most of the specimens of those rocks obtained 
at Meux’s Brewery arc scattered or lost. Prof. Prestwich and the 
officers of the Geological Survey kindly placed at my disposal some 
of the specimens of these rocks which were in their possession ; and 
the Rev. H. H. Winwood of Bath made the most careful inquiriee 
concerning the specimens examined by the late Mr. Charles Moore. 
Although the minute fossils worked out by that palseontologist could 
not at first be identified, yet Mr. Winwood kindly lent me all the 
specimens from the well, with their depth marked upon them, which 
he was able to find. Lastly, Mr. Gilding, the manager to Messis* . 
Meux & Co., and Mr. Picking, their engineer, have furnished 
with every information and assistance which was in their power. ^ ^ 

There are some very serious and striking discrepancies between 
the accounts given by different authors concerning the nature and 
order of succession of the strata which in Messrs. Meux’s well were 
found between the Gault and the Devonian. This has apparently 

* See the papers of Prof. Prestwich (Quart. Joum. Geol. Soc. vol. xxxiv» 
(1878), p. 902), and Mr. C. Moore (ibii p. 914). 
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arisen from the circumstance that the strata in question consisted 
of hard and compact oolitic limestones alternating with marls of 
a more or less sandy character. Owing to the method of working 
by the diamond rock-drill the cores brought up consisted almost 
entirely of the former kind of rock, the softer marls being broken 
up and to a great extent washed away in tlio process of boring. As 
specimens of the oolitic limestone were found at short intervals, it 
was not unnaturally supposed by those wlio did not watch the boring 
and measure the cores brought up, that the boring was carried on 
almost wholly in that rock. Mr. C. Moore was, however, so 
fortunate as to obtain some small specimens of the softer and more 
marly deposits, which when broken up in water yielded him great 
numbers of minute fossils. 

The fossils contained in the oolitic limestones at Messrs. Moux’s 
well were nearly all in tht^ condition of casts and most of them 
difficult of determination. Among them, however, I have boon able 
to identify the following species : — 

Trigonia eostata., var. jmllus, Sow. Norbuwi (probably N. punctata, Voltz.'). 

Taiieredia axiiiirornns, Lijv. Cyliiidril os (probably 0. excavatus.X^c.). 

On washing tbc softer beds, specimens of which I obtained from 
the Jlev. Mr. Win wood and the engineer of tlie works, I found 
such a large number of the minuter forms so closely in agreement 
with those occurring at llichmond, thougli iji a less perfect state of 
preservation, that no doubt remained, in ray mind, as to the Groat- 
Oolite age of tlie rooks in botli localities. 

Subsequently the llov. Mr. Winwood Inid ilie good fortune to 
find the actual specimens of minut(‘ fossils which Mr. C. Moore had 
washed from the softer bods of Meux's w(dl, and kindly placed 
them ill my liaiids fur examination. A careful study of all the 
specimens and a comparison of thtmi wii h the fossils from llichmond, 
which arc in a much better state of preservation, enables me to 
give the following list : — 


Fimlls from the Oolitic Limestoues and Hamly Clays occurring in the 
Wi ll at Messrs, Mcu.v s Brewery,, ToUenhant Coart jKoaeZ, between 
the depths and feet. 


Natica ciiicta, Phil. (?). 

Cbeinnitzia, sp. 

Nerinaja puTictata (V), Volf;:. 
Cerithiuin, sp. 

Nucula, sp. 

TrichiteB, sp. 

Pinna, sp, 

Pecten articulatus (?), SeJd. 

Lima duplicata, Sow. 

Gervillia or Pteroperna (?). 

Ostrea gregaria, Sow. (V),0. Marshii 
(young). 

ISowerbyi, Lyc. ^Mor. (young). 

subrugiilosa, Lyc. cf Mor. (young). 

Terebratula raaxillata, Sow. (young). 

digona, Sow. (young). 

Bhynohonella concinna, Sow. (young). 


Tho.cidiuin IriMiigiilare, (LOrh. 

Zollauia globala, Sow. 

Stoinatopora ditihotoma, Lmnx. 
J>iast,oj>oi'a diluviana, Lama:, 

microstoma, Mich. 

Tdmonea triqucti*a, Lanix. 
Entalophora riclimondicnsis, Vine (?). 
Terc-bellaria increscoris, Vine (?). 
Liclionop{>ra Pliillipsii, J. Haime (?). 
Fasciculipor-'i Waltoni,«/. Haime (J). 
Povitaerinua scalar is, Gold/. 
Pentacrinua, sp. 

Aj>iocrinu8, sp. 

Cidaris bradfordeiisis, Wr. (spines). 
Cidaris, sp. 

Acrosalenia (spines). 

Astropecteu (marginal and eye-plates). 
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In addition to these are a number of Foraminifora, which were 
submitted by Mr. C. Moore to Prof. T. Euport Jones, and which 
have not been since reexamined. Among the most interesting of 
these are the curious bodies identified by Mr. Moore and Mr. 
Carter as spiny processes of Carpente'i'ia, 

The shells referred by Mr. C. Moore to Nucula planata^ Desh., 
and Venus parva^ Mant., show but little resemblance to those 
Cretaceous forms, but are too imperfect for exact identification. I 
could find no trace in the collection of any shells which could be 
referred either to Nvcnla impressa, Sow., or to Astarte fo7'mosa. Sow. 

As what may be a thin representative of Ncocomian strata occurs 
at the Itichmond well, it became a matter of much interest to 
determine if any beds of that age were found at Meux’s Brewery, 
the more so as fossils of undoubted Neocomian age were asserted 
to have occurred in some of the cores from that place. It has 
sometimes been said that the upper portion of the 64 ft. of rock 
occurring at Meux’s Brewery was of a sandy nature ; but this is 
certainly a mistake. From the very top of the series, at a depth of 
1000 ft., which was immediately under the Gault, Mr. C. Moore 
received a specimen of limestone, which on microscopical examina- 
tion is seen to be perfectly oolitic in character. A specimen from 
the depth of 1 003 ft. kindly supplied to me by Professor Prcstwich 
is also a perfectly oolitic rock of somewhat open texture ; and a 
specimen from the depth of 1004 ft. supjdied to me by the engineer 
is one of the most strikingly oolitic rocks I have ever seen. From 
a depth of 1005 ft. Mr. Picking showed me a core of remarkably 
shelly oolite rock containing Trujonia costata. var. with 

other shells apparently of Jurassic affinities. 

From depths of 1008 and 1012 ft. respectively, Mr. C. Moore 
certainly obtained specimens of an impure and somewhat sandy lime- 
stone. In the case of the specimen from a depth of 1008 ft. the 
insoluble matter amounted to 35 per cent, of the whole rock, and in 
that of the specimem from a depth of 1012 ft. to nearly 17 per cent. 
In both cases the insoluble matter consisted of clay with some sand- 
grains. On careful washing I found these impure limestones yielded 
the same forms of Bryozoa, Fchinodermata, and Mollusca as occur 
in the oolitic limestones above and below them in the scries. 

Mr. C. Moore also examined specimens of a “coarse grey marl’’ 
from depths of 1018, 1024, 1031, 1044, 1050, and 1057 ft. 
respectively. Of these I have been enabled by the kindness of Mr. 
Winwood to studj^ the variety from the depth of 1057 ft. This 
answers perfectly to Mr. Moore’s description, and on washing 
yielded some of the organisms described in his paper, as did also a 
similar specimen from a depth of 1046 ft. 

From many intermediate depths I have obtained specimens of 
perfectly oolitic limestone, and examples of such oolitic limestones 
from depths of 1015, 1022, 1038, 1044. and 1056 ft. have been 
studied in thin sections under the microscope. It thus becomes 
evident that the whole thickness of 64 ft. of strata found at Meux’s 
Brewery, between the Gault and the Devonian, consisted of oolitic 
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limestones with, bands of marl between them, exactly answering in 
tact to much of the Great Oolite in other parts of this country. 
Of truly ^arenaceous strata, I have been able to find no evidence 
whatever, and there is but a slight admixture of sandy material in 
some of the marls. 

With respect to the alleged discovery of Neocomian fossils in 
cores from Meux’s Breweiy^ I have made the most careful inquiries, 
and have been greatly aided by the officers of the Geological 
Survey, in whose custody the specimens now are. 

The rock containing the fossils in questions is a perfect oolite, and 
has nothing of a sandy character in its composition. The fossils in 
it are all in the condition of casts. There is no indication on the 
core as to the depth at which it was obtained, and any label that 
may have formerly existed has unfortunately been lost. It is stated, 
how'ev()r, in the section drawn up at the time by Professor Prestwich, 
that these fossils occurred between the depths of 1035 aud 1059 
ft. from the surface, that is in the loiver half of the 04 ft. of rock 
between the Gault and the Devonian. 

The fossils which it was thought could be specifically determined 
were Oardlam IHllanum^ Tru/onia aliffonau, and Trochocyathus 
Harveyana, a somewhat remarkaidc intermixture of Gault and Neo • 
comiaii forms. Of th(‘sc fossils no trace of tlie fii'st mentioned could 
be found. The second, after the most careful study by the aid of 
the original s])ecimen and casts from it, 1 find myself quite unable 
to identify with the Cretaceous species ; but on th(^ contrary, though 
speaking witli the grc'atest reserve, on account of the imperfect 
character of the s])ecimcn, 1 incline to the view that it represents a 
Great-Oolite form, and is near to, if not identical with, Moretonls, 
With regard to the coral, which is only the fractured surface of a 
cast, 1 think it would be rash to hazard an oi)inion even as to its 
generic rffinities. 

But a very interesting fact was discovered by the officers of the 
Geological Survey by breaking some fragments from the block of 
limestone containing the supposed cast of Triyonia cdcefot^iis. In 
this manner there were revealed a number of casts of Nerincea^ 
belonging to a form of uodoubtedly Great Oolite affinities, and in 
all probability identical with the N, punctata of Voltz. 

Thus the identification of Xeoconiian fossils in the rock from 
Meux^s Brewery com])letely breaks down upon reexamination, and 
as we have already seen there is abundant evidence of its Great- 
Oolite age. 

If there were any beds at IVIeux^s Brewery answering to the 
reconstructed strata which at Bichmond have been doubtfully 
referred to the Xeocomian, they must have certainly been very thin, 
and of their existence I have not been able to obtain a particle of 
evidence. 

X. General Characters of the Great-Oolite Strata under London. 

The Great-Oolite strata, which are 87^ ft. in thickness under 
Richmond, and 64 ft. under the Tottenham Court Iload, appear to 
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have thinned out or to have been altogether removed by denudation 
at Kentish Town, a little to the north of the latter place, and no 
trace of them was found at Crossness, Tumford, or Ware. It appears, 
therefore, that whatever may have been the former extent of these 
Lower-Oolite strata, they are now confined to the southern part of 
the metropolitan area, and abut against the southern flank of the 
great Palscozoic axis. 

Although, as we have seen, there is a general correspondence in 
the characters and fossils of the Great- Oolite strata in the two 
localities in which they have been found, yet, when critically 
examined, some very interesting and suggestive differences become 
apparent. 

Under Kichmond the strata consist of compact limestones, with 
a very thin interstratification of clay, the only sandy beds being 
found towards the bascj of the series. The fossils found at Kichmond 
are not only all truly marine but are for the most part such as 
would inhabit moderately deep water. Nor do the fossils, as a 
rule, np[)(^!ir to be rolled and waterworn, as is the case with those 
found in littoral dej)asits, but they arc (juitc fresh and unbroken. 
In this connection the evidence afforded by the thin but highly 
fossiliferous baiid of clay at Ttichmond is singularly valuable. This 
clay band, as was remarked to me by Mr. G. 11. Vine, greatly 
I’csembh^s those found at Minera and elsewhere, intercalated among 
the beds of Carboniferous lamest one. The Bryozoa and Pentacrinites 
wore evidently growing in profusion on the ocean ffoor at the time 
they were overwhelmed, and were killed a nd entombed by an influx 
of excessively fine muddy sediment. 

Very difierent is the st ate of tilings found under the Tottenham 
Court Itoad. There the specimeus are all much broken and water- 
worn, man}’ of them being coated with a thick layer of calcic 
carbonate. It is evident that the beds ooiitaming these fossils were 
accumulated in mu(*h shallower water than those at iliehmond. 
Among the fossils found at Meux’s well Mr. C. Moore detected some 
which he susjiected to he terrestrial, freshwater, and brackish- water 
forms, referable to genera like Ihfdrohia, VaJvata^ Potamides^ and 
Potamomya ; and t-o some extent ^Ir. Moore’s views were borne out 
by tho examination of these very imjierfect shells by Dr. Gwyn 
Jeffreys and Mr. C. J. A. Meyer. This and the dwarfed condition 
of many of the Gasteropoda and other shells led Mr. C. Moore to 
the conclusion that while all the strata were of shallow- water origin, 
some of them wei’c probably deposited in brackish water, while a 
number of tho fossils might have boon wjisbed down by rivers. 

A very interesting circumstance in connexion with the Great- 
Oolite deposits at Messrs. Meux’s well, which was noticed by Mr. C. 
Moore, was the occurrence of coaly fragments in some of the beds. 
I have myself found a considerable number of such fragments in a 
specimen from a depth of ]04() ft. These fragments appear to 
me to be very similar to the imperfect J urassic coals of Brora and 
the Western Isles of Scotland. The engineer at Messrs. Meux’s 
Brewery informed me that at some periods during . the boring in the 
Oolitic strata, the water forced down the weU came up “as black 
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as ink.’^ It is not impossible, therefore, that actual Jurassic coal 
seams were passed through at this point. 

From a careful comparison of all the facts of the case, it is clear 
that while the Great-Oolite beds under the Tottenham Court Koad 
were deposited in comparatively shallow water, and in close proxi- 
mity to the land, the l)ods of the same age under Kichmond were 
laid down in much deeper water. Hence wo may fairly infer that 
during the Great-Oolite period the northern half of the Falaeozoic 
ridge under London formed dry land, w^hile the southern half was 
submerged beneatli tlie waters of the ocean, and became gradually 
buried under its sediments. 


XI. Ttte PoiKiLiTic (?) Strata. 

At 1239 ft. from the surface the boring at iliehmond passed 
suddenly from liio limestones and clays of the Great Oolite into red 
and variegated sandstones and clays (“ marls 

The sandstones vary in colour through different shades of rod to 
white and greenisli lints. They arc sometimes excessively fine- 
grained and very perfi'ctly laminated, having tiie surfaces of the 
laminae covered with tlakc^s of silvery white mica. At other times 
the sandstones are much coarser, so coai'se indeed as almost to merit 
the name of grits, and their bedding is obscure. Clay-galls are 
found in some of the beds as well <‘is inijjressions which may pos- 
sibly indicate the former presence of plant-remains that have now 
been entirely removed. The stindsloncs are sometimes traversed 
by thin veins of calcic carbonate. Particles of galena were found 
in these sandstones at a d(5pth of 1293 ft. (> in. 

The clays (“ marls ”) which alternate with these sandstones are 
of a dark red colour, mottled with green in l)lotches and spots. 
AVhen brought u]) in solid lumps these clays are stum to bo highly 
indurated and traversed by joints in various directions, the joints 
being coated vdth a green calcareous dej)Osit. 

In some portions of these strata the marls and sandstones alter- 
nate in thin layers ; in other portions we have a considerable thick- 
ness of marls ; while sometimes tlie sandstones constitute tolerably 
thick beds. 

The following is the succession down to the lowest point 


reached : — ft. in. 

1. Alternations of red sandstone and variegated “marls ” 1() 0 

2. Hard bod of sandstone 1 0 

3. Marls with ocoasional beds of sandstone 10 0 

4. Alternations of saiidstone and “ iimrls ” 21 0 

5. Solid sandstone rock 4 0 

0. Red marls 2 0 

7. Hard sandsteme 4 0 


8. Soft sandstone with many scams of “marl ” 5 0 

9. Hard red and white sandstone rock, coarse and gritty in some 

seams, w'ith some bands of clay 17 0 

10. Beds of sandstone and red “ marls,” the latter predominating 
and causing much trouble by falling in and impeding the 
boring-operations 15 0 


(Owing to the difficulty of penetrating these rocks with the rope-boring 
machinery, in consequence of the falling in of the “ marls,” recourse was had to 
the diamond rock-drill.) 
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[The strata next in order are as follows : — 


11. Red sandstone 13 0 

12. Red and variegated marls 3 0 

13. Red sandstones 3 0 

14. Rod and variegated marls 2 0 


15. Beds of red and white sandstone, sometimes finely laminated 
and sometimes exhibiting but little evidence of bedding. 
These rocks, which were extremely hard, were found to be 
traversed by very numerous and closely set nearly vertical 
ioints, which rendered the work of boring through them with 

•'in. n T /r* 1 1 


the diamond crown very diflicult 19 0 

16. drey sandstone, very hard 1 6 

17. Hard red sandstone 2 0 


18. Softer red and white sandstone, finely laminated in places 30 0] 

The whole of the superincumbent Tertiary, Cretaceous, and 
Jurassic strata appear to be nearly horizontal in their position at 
Richmond, and it became a matter of much interest to determine if 
the underlying red sandstones and marls were conformable with 
them. Some specimens of cores showing a remarkably high dip 
appear at first sight to negative any such supposition. But a careful 
study of these apparent dips shows that they vary greatly in amount 
at different depths, and that therefore they are examples, not of 
true dip, but of oblique lamination or false-bedding. Some of the 
cores, indeed, exhibit clear evidence of false-bedding. 

[The dips actually measured in these cores of red and variegated 
sandstones and marls were as follows : — 


Dip. 

At a depth of 1255 feet from the surface 21 ° 

1280 „ ,, 20° 

From 1288 to 1291 ” !!!*.*.!!!!”! 34^° 

Atl307i „ „ 32° 

At 1319 „ „ 36° 

At 1340 „ „ 30° 

At 1348 „ „ 30° ; obscure. 

At 1352 „ „ 27° 

At 1350 „ „ 30° 

At 1364 „ ,, 30°; somewhat doubtful. 

From 1365 to 13674 „ „ 45° ; very well marked. 

At 1372*^ „ „ 40° 

At 1375 „ „ 40° ; nearly. 

From 1395 to 14u4.i „ 38° 

At 1408“' „ „ 32° 


It is worthy of remark that the most discordant dips are found in 
the finely laminated sandstones, in which false-bedding would be 
best exhibited. The cores, on the other hand, in which such marked 
lamination is not to be detected, give generally dips of about 30°. 
From these facts we may infer, with some probability, that the 
strata in question have a true dip of about 30°, which is often com- 
plicated and obscured by the oblique lamination. Of the direction 
of the dip no evidence could be obtained.] 

It is hardly necessary to remark that these red sandstones and 
variegated marls have yielded no fossils. There are very marked 
differences in their characters between these beds and those met 
with in the Kentish Town boring, especially in the absence of 
quartzites and other peculiar rocks. 
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[That the strata met with in the deepest portion of tho Bichraond 
Weil resemble, in the most striking manner, the rocks of both the 
Old and the New Bed Sandstones, every one who has examined them 
must be convinced. Some of the beds, it is true, appear to be of a 
somewhat more compact and indurated texture than is usual in the 
rocks of those formations when exposed at the surface ; but this is 
no more than might be anticipated when we bear in mind the great 
thickness of superincumbent strata which has had to be pierced 
before reaching them. 

Unfortunately the strata of tho Old and the New Bed Sandstones, 
in the absence of all fossil evidence, do not present any character- 
istic differences which 'we can rely upon as a moans of discrimi- 
nating the deposits of pre-Carboniferous age from those which are 
post-Carhoniferous. Under these circumstances we are compelled 
to rely upon other considerations than those of general resemblance 
in trying to arrive at a judgment concerning the age of the rod 
rocks at Bichmond. 

The possibly high angle of dip of these strata (though it must be 
remembered that this has not been certainty proved) may appear, at 
first sight, to afford an argument in favour of the Palmozoic age of 
the rocks in question ; but when we remember the great stratigra- 
phical break which undoubtedly exists at the base of tho Great 
Oolite, it would not be surprising to find that strata of Permian or 
Triassic age had been greatly disturbed before the deposition upon 
them of tho Bathonian beds. On the other hand, tho presence of 
disseminated particles of grilena, and the considerable proportion of 
chloride of sodium in the water obtained from these red rocks at 
Bichmond, are obvious points of analogy with tho Triassic strata. 

In a subsequent part of this paper I liave dwelt at length upon 
those general considerations which appear to me strongly opposed to 
the view that the Bichmond beds arc of Old-Bcd-Sandstone age, 
and which lead mo to the conclusion that the balance of evidence is 
in favour of their being regarded jis the New Bed Sandstone, and 
therefore of post-Carboniferons age.] 

As it would, I think, be hazardous to offer a suggestion with 
respect to tho particulai' portion of tho scries between the Carboni- 
ferous and the lias with which the red and variegated beds under 
Bichmond should be correlated, 1 have ventured to call them doubt- 
fully ‘‘ Poikilitic.” 

Subsequently to the reading of the first part of this paper before 
the Society two discussions on the nature of the rocks found in the 
Bichmond well took place in the Geological Society of the North 
of France, at Lille. In the first of these discussions the speakers 
were inclined to entertain tho possibility of the variegated beds in 
question belonging to the Gedinnien (Lower Devonian). 

At the request of M. C. Barrois, I sent a series of specimens of 
tho different varieties of rock met with at Bichmond, and in a 
second discussion M. Gosselet, M. Achillo Six, and M. C. Barrois all 
maintained the view that these beds could not be referred to any 
part of the Devonian series, but really belong to the Trias*. 

* Annales Soc. G6ol. du Nord, vol. xi. p. 144. 
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XII. Conclusion. 

These interesting discoveries at Richmond throw much new light 
upon some very important geological problems, among the chief of 
which we may particularize the following : — 

A. The nature and position of the several rock-masses which 
constitute the great Palaeozoic ridge underneath the London Basin, 
and the relations of the strata which have been subsequently 
deposited to these deep-seated rock-masses. 

B. The question of the existence of deep-seated sources of 
water-supply in strata, older than the Chalk, under any portion of 
the metropolitan area. 

C. The possibility of finding coal-seams at a workable depth 
under London, and the quality of the coal to be obtained from such 
sources. 

We shall conclude this paper by a brief discussion of each of these 
problems. 

A. The Position and Nature of tlie “ Palaeozoic Axis ” and its 
lielation to ovevlajiaej Strata. 

The possible connexion of the Palaeozoic axes of the MeDdii)s 
and the Ardennes, and of the coal-fields which abut upon them, 
was suggested by Bucldand andConybeare in 1820, by MM. Elie de 
Beaumont and Dufrenoy in 1841, by Sir H. de la Beche in 1846, 
and by M. Meugy in 1852. 

The French and Belgian geologists had long ago practically 
demonstrated the existence of the eastern parts of this great connect- 
ing ridge by actually working coal under the Tertiary and Cretaceous 
strata. But in J 855, Mr. Cod win -Austen, in his celebrated paper 
“ On the possible extension of Coal-bearing strata beneath the South- 
east of England,’’ gave to these arguments concerning the relations 
of the Palmozoic rocks to the Secondary strata a force and precision 
which they did not before possess. 

In the interval between the reading of Mr. Godwin- Austen’s 
paper and its publication in the Quarterly Journal of this Society, 
the completion of the experimental boring at Kentish Town went 
far towards verifying the predictions of geologists ; and since that 
time a number of deep wells have made us acquainted with the 
nature and position of different members of the Palaeozoic scries 
under the Secondary rocks of England and of the adjoining portions 
of the Continent. 

Silurian strata have been reached at Ware at a depth of 796 ft. 
from the surface, and at Ostend at a depth of 985 ft. 

Devonian strata have been reached at Tottenham Court Road at 
a depth of 1064 ft., and at Tumford, near Cheshunt at a depth of 
980 ft. 

Carboniferous strata have been found at Burford in Oxfordshire 
at a depth of 1184 ft., at Gay ton in Northamptonshire at a depth 
of 635 ft., at Northampton, in the same county, at a depth of 830 
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ft., at Scarle in Lincolnshire, at a depth of 1900, at Harwich at 
1025, and at Calais at a depth of 1032 ft. 

At Kentish Town and at Crossness strata of a somewhat anomalous 
and doubtful character were met with at depths of 1114 and 1008 
ft. respectively. 

Now at Burford, Poikilitic strata appear to have been passed 
through and to have had a thickness of 428 ft. At the 8t. Clement's 
well at Oxford there is reason to believe, as shown by Professor 
Prestwich*, that Keuper beds were reached. At Gayton, about 
6 miles S.W. of Northampton, Poikilitic strata with a thickness of 
63 ft. were penetrated; while at ^Northampton strata, probably of 
the same age, but of very curious and anomalous character, were 
found lying between the Lower Lias and the Carboniferous rocks. 
These consisted of curious abnormal sandstones and conglomerates, 
often of a red colour, vdth some magnesian limestones, the whole 
having a thickness of 67| ft. There is a great probability that 
these strata are all anomalous rei>rescntative8 of the Poikilitic series, 
and they agree in position and thickness with tlie normal Trias beds 
found at three localities near Northam])ton, which is only five miles 
distant from Gayton f. 

The materials brought up in the boring at Crossness, near Erith, 
were so broken and mixed up, owing to the method of boring employed, 
that the utmost that can be said concerning them is that they resemble 
the sandstones and “ marls " of both the Old Bed Sandstone and of 
the New Bed Sandstone series. 

The rocks met with at Kentish Town have, ever since their first 
discovery, proved a puzzle to geologists. Tlit^y are certainly far less 
like the typical Poik^’Vitic strata than those met with at Bichmond. 
On the other hand they present some resemblances in their characters 
to the curious and aiiomjilous beds found overlying the Carboniferous 
strata at Northampton. 

In recent years Professor Prestwicli has felt constrained to 
abandon his former reference of the Kentish Town beds to the New 
Bed, and has insisted on their resemblance to the Old Bed of the 
Mendip Hills. Mr. Wliitaker suggests an argument against the 
latter correlation, which I think is entitled to much weight. “ There 
is a strong reason against the classification of the bottom beds at 
Kentish Town and Crossness with the Old Bed Sandstone, which 
seems to have escaped notice. Having the series unmistakably 
present in the Devonian type at Cheshunt and at Meux's, it would 
be strange indeed were it to occur in its wholly distinct Old Bed 
type at Kentish Town, between these two places, and at Crossness 
not very many miles from the latter of them ! I believe that no 
such thing is known to occur anywhere, the two types of what is 
generally taken to be one great geological, system being limited to 
separate districts, and not occurring together " J. 

* Proc. Ashmol. Soc. 1876. 

t [Since this paper was read, Mr. Eunson hiis given a very careful description 
of those interesting borings : see Quart. Journ. Geol. Soc. vol. xl. 1884, p. 482.1 

J Guide to the Geology of London, third edition (1880), p. 21. 
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Whether we accept the lacustrine theory of the origin of the Old 
Bed Sandstone or not, I think there will be equal difficulty in ex- 
plaining the presence in close proximity of such remarkably different 
representatives of the Devonian period as the highly fossiliferous 
Eitelian type and the barren Old-Bed-Sandstono type. 

Every argument in favour of the Poikilitic age of the Kentish Town 
and Crossness beds applies a fortiori to those at Bichmond, which 
certainly i)rescnt all the peculiar characteristics of the typical IViassic 
strata in a marked degree, as 1 have already pointed out. With 
the new light thrown on the question by the borings at Gayton and 
Northampton, I cannot avoid the conclusion also that the strata 
found at Kentish Town and Crossness are more probably of post- 
Carboniferous than of pre-Carboniferous age. It may, indeed, be 
argued that as in the Ardennes we have the lowest member of the 
Devonian (the Godin nien of Belgian geologists) underlying strata of 
the Kifelian type, the same may be the case under the London 
Basin. But against tins view must be set the fact that MM. Gosselet, 
Six, and Barrois, who have such an exact knowledge of these Gedin- 
nien strata of the Ardennes, fail altogether to recognize any resem- 
blance between the Richmond rocks and those strata, but on the 
contrary believe the latter to be Trias. 

To sum up the evidence on the age of these variegated rocks at 
Richmond, Kentish Town, and Crossness, wo may admit that the 
resemblances to the Old Red and the New Red rocks arc about equal ; 
but considering the undoubted presence of Devonian rocks of the 
Eifelian type at Meux s well and at Turnford, the probabilities appear 
to be in favour of these variegated strata belonging to the Poikilitic 
rather than to the sul)-Carboniferous formation. 

The recognition of strata of Lower-Oolite age is a new, but not 
altogether unexjjected lact, made known to us by the Richmond 
boring. Mr. Godwin-Austen was led by various considerations to 
regard it as probable that, the great Paheozoic ridge had been sub- 
merged during a portion, at least, of the Oolitic period*. 

The particulars which we have now been able to ascertain con- 
cerning the nature and relations of the Great-Otlite strata exposed 
in the borings at Meux’s Brewery and at Richmond point to the 
following important conclusions : — 

(1) The Great- Oolite strata under the metropolitan area rest 
directly on the Paheozoic rocks, as at Meux’s Brewery, or on the 
Poikilitic strata, as at Richmond. In this we find an exact repeti- 
tion of the conditions found in the Boulonnais, where beds of probably 
Great-Oolite age rest directly on far more ancient deposits. 

(2) JBoth in the Boulonnais and in the metropolitan area, ithe 
whole of the beds of the Rhoetic, of the several divisions of the Lias, 
and of the Inferior Oolite ure altogether wanting. The absence of 
these formations was probably due to the circumstance that these 
districts and probably the whole area between them constituted 
dry land during the Rha3tic, Liassic, and Bajocian periods. And 
this conclusion is confirmed by the manner in which the well-developed 

* See Quart. Joum. Qeol. Soc. vol. xii. 1856, pp. 65, 71. 
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strata of those ages in the West of England and in Normandy thin 
away and disappear as they are traced towards the east. 

(3) But about the commencement of the Great-Oolite period the 
great ridge of Palgeozoic rocks occupying what is now the south-east 
of England and the north of France began to be submerged, and 
the strata now for the first time described were then deposited. 
What was the original thickness of these Great-Oolite strata in the 
metropolitan area, wc have no means of knowing, as these deposits 
appear everywhere to have had their upper beds removed during the 
great Neocomian denudation. 

(4) The Great-Oolite strata which were thus deposited on the 
southern flanks of the great Palaeozoic axis probably, however, 
never extended over the northern half of that axis. This is shown 
by the evidence of littoral, and even of estuarine and terrestrial 
conditions, in the Great--()olite strata found at ^leux’s Brewery. 
At this period there ap])ears to have been an extensive tract of dry 
land lying to the north of the Great-Oolite sea which covered what 
is now the south-east of England and the north-east of France. From 
this land were borne })ebblc8 of various liard rocks, of coal-measure 
sandstone, and of coal, which W(^ now find in the bands lying at 
the base and the summit of the series of Great-Oolite strata at 
Eichmond. 

(5) That the submergence of the Palmozoic ridge, which took 
place during the Great-Oolite epoch, was continued during the 
period of the Middle Oolites, we have sufficient evidence, as already 
pointed out by Mr. Godwin-A listen. The “Lower Greensand” 
beds of the North Downs, between Sevenoaks and Farnham, often 
contain fragments of considerable size, and sometimes become almost 
conglomeratic in character. The pebbles in these beds consist for 
the most part of (luartzite and other hard rocks, evidently derived 
from the rocks of the great l*ahcozoic axis. But, mingled with 
these, wo find a considerable number of fragmentary, water worn, 
and evidently “derived ” tbssils of unmistakable Jurassic affinities. 
From an examination of great numbers of these derived fossils, I agree 
with Mr. Godwin-Austnii and Mr. Meyer in considering that they 
represent both the Lower and the Middle Oolite. But 1 am at th(^ 
same time convinced that the fossils of Middle- Oolite age occur in 
such situations in much greater projiortions tlian thosi^ of the Lower 
Oolite. Taking these facts in connexion with that of the presence 
of Middle Oolites under the Weald, as revealed in the boring at 
Battle, and the evidence of the genc^ral deepcuiing of the Jurassic 
sea after the close of the J..owor Oolites in the Anglo-Parisian basin, 
we are led to the conclusion that the Middle-Oolite strata originally 
overlapped those of Great-Oolite age, and jirobably extended right 
across the Palaeozoic ridge. Thus we should conclude that during 
the period of the Middle Oolite the great Palaeozoic axis was com- 
pletely submerged, and that the deep-water Oxfordian Clays of the 
north of France and of central England were deposited in a con- 
tinuous sea wherein the rocks of the Palajozoic ridge formed at most 
only a shoal. 
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(6) As to whether the Upper Oolites — which exhibit such a 
thickness in the Wcalden boring, and are again found as deep-water 
beds on the northern side of the axis — ^were also continuous over 
the latter, we have at present no certain evidence. Among the 
derived fossils in the Lower Greensand of the North Downs I have 
not been able to identify any as belonging to undoubtedly Upper- 
Oolite species. The beds at Shotover probably indicate that, during 
the Upper-Oolite period, the elevation which continued through a 
great part of the Neocomian period had already begun. 

(7) As no beds of Middle-Oolite age have as yet been detected in 
situ beneath London, we are led to conclude that the whole of them 
were removed during the great upheaval and denudation of the 
Palfeozoic ridge which undoubtedly took place during the latter 
part of the Neocomian period. This will account for the abun- 
dance of fragments derived from the Middle and Lower Oolites 
which are imbedded in the Lower-(jlrcensand strata deposited along 
the southern flanks of the ridge. Of the importance of this move- 
ment of elevation, vdth its accompanying denudation, we have the 
clearest proofs. It was probably as this movement of elevation was 
gradually being replaced by one of subsidence, and while portions of 
the remnant of the Great-Oolite strata were still above the waters 
of the ocean, that the curious and anomalous strata lying between 
the Gault and the Great Oolite at llichmond were formed. These 
consist in part of the reconstructed materials of the Great Oolite, 
and in part of pebbles brought from the shores of the period, con- 
sisting of some exposed j^ortions of the Palaeozoic ridge. 

(8) During the subsequent Gault and ('balk periods a continued 
submergence of the great Palajozoic axis went on, the movement of 
subsidence more than keeping pace with the work of sedimentation. 
But that this downward movement was not without interruptions, 
we have now abundant evidence within the metropolitan area itself. 
The rock of the Zone of Belemnites pienvs and the Chalk Itock afford 
evidence that, at the close of the Cenomanian and Turonian periods 
respectively, pauses in the deposition of sediment took place, ac- 
companied by some removal and rodeposition of beds already formed. 
What the extent of this interruption to subsidence or partial re- 
olevation during these periods was, it may bo difficult to determine ; 
but it seems certain that thick and important deposits were, in 
certain portions of the continental area, deposited during these 
breaks in the succession of our Chalk strata, and that these move- 
ments, in which the great Palaeozoic axis participated, were wide- 
spread in extent and important in their consequences. 

B. The Water~supj)li/ of the Metropolis. 

The general analogy between the strata of the Paris and London 
basins long ago suggested to geologists the possibility of obtaining 
for the latter city those deep-seated supplies of water which feed 
the great Artesian wells of the former. But, as Mr. Godwin- 
Austen showed by a priori reasoning, and several deep weUs in the 



THE JT7BASSIC DEPOSITS WHICH TTHDEELTB LONDON. 


757 


metropolis have since demonstrated, the great water-bearing deposit 
of the Lower Grreensand does not occur under London itself, the Gault 
there resting on lower members of the Mesozoic series or directly 
upon Palaeozoic rocks. 

But although the hope of finding the Lower Greensand as an 
abundant source of water-supply immediately under London had to 
be abandoned, it nevertheless seemed possible that this important 
water-bearing stratum might be tapped by Artesian wells at places 
sufficiently near to the metropolis to supplement to a great extent, 
if not altogether to supersede, the use of the waters of the lliames 
for drinking-purposes. The thickness of the Lower Greensand at 
its outcrop in Surrey and Kent, the very porvdous character of its 
beds, and its steady dip under the Chalk, pointed to the probability 
that at places within the ever-growing area of the metropolis, as at 
Sydenham or Croydon, such sources of water-supply might be 
easily reached 

The discovery of a considerable thickness of what were supposed 
to be strata of Kcocomian age, though of somewhat anomalous 
character, so far northward as the site of Meux’s Brewery hjd to 
the antici^jation that the more normal condition of the Upper 
Neocomian would bo met with at no great distance, and that in the 
southern part of the liondon area Art»esian wells might be put down 
into the pervious Lower Greensand. 

The facts which have been described in the ])roscnt paper, however, 
show that the 64 ft. of oolitic limestone at Mcnx’s Brewery are of 
Jurassic, and not of ^vh^ocomian age, and that as far southwards as 
Richmond there is no trace of the normal type of the “Lower 
Greensand ” strata. 

The deposit which docs i)robably represent the Upper Neocomian 
at Richmond is of a very peculiar character, resemlfiiug in fact the 
“ Tourtia," which in Belgium separates the rocks of Talmozoic ago 
from the overlying Chalk. Tn both cases tlie rock is made up of 
reconstructed and derived materials. This peculiar deposit at 
Richmond is less than ten feet in thickness ; from its nature it can 
scarcely be expected to form a regular and widespread bed, and it does 
not yield any supply of water. It would be of much interest if a 
deep" well were put down at Croydon, to prove whether the normal 
condition of the strata of Lower-Greensand age is maintained so far 
to the northward as that town. The possibility of finding large 
supplies of excellent water ought to be a sufficiojjt inducement for 
the undertaking of this int(Testing experiment. 

The Oolitic strata at Meux’s Brewery and at Richmond have 
unfortunately proved useless as sources of water-supply. 

But the discovery at Richmond of beds which are certainly of a 
somewhat pervious character, and are apparently of Roikilitic age, 
suggests the possibility, though I fear I cannot add the probability, 
of finding water there ; and this suggestion receives some support 
from the fact that, after the red rocks were reached, small but 

* See Prof. Prestwieb’s Anniversary Address to the Gool. Soc. 1872 (Quart. 
Joum. Geol. Soc. vol. icxviii. p. lx). 

Q.J.G.S. No. 160. 
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increasing quantities of water, having the high temperature of deep- 
seated sources of supply, rose to, and indeed far above, the surface. 

Although the outcrop of the Poikilitic strata is situated at a 
distance from London not greater than that which separates the 
outcrop of the water-bearing strata from the Artesian wells in 
Paris, yet, considering the whole of the circumstances of the case, I 
cannot regard it as probable that supplies of water will be obtained 
under liondon through continuous strata of Poikilitic age out- 
cropping at the surface. The variable nature of the Poikilitic 
strata, ihi) doubt of their continuity over a considerable area (a 
doubt strongly suggested by their absence at the Tottenham Court 
TIoad, Turnford, and Ware wells), and the frequency of salt deposits 
which would vitiate the su])ply, all tend to destroy the hope of 
obtaining water from the Poikilitic rocks under London. 

Put as it is now ])roved that there exist pervious beds at great 
dei)ths under TiOndou. and it is also certain that large supplies of 
wat(‘r are carried down through the Lower-Creensand formation, 
it is just possible that the pervious strata may be saturated with 
water from other ])eds which, by overlap or faulting, lie in contact 
with them, and that such water may be rnadcj to rise to the surface 
in Artesian wells. 

C. The Possible Kiisiene>e of Coal at Woiicahle Depths wider 
London. 

Som(^ yea IS ago I venturi>d to suggest that the deep borings under 
London had already thi*own so much light on the nature and rela- 
tions of the different rocjks forming the great Palieozoic ridge, that 
the time had arrived when it was worth while to commence a series 
of systematic trials to the south of London, with a view to solve 
the prol)lems of the ju’eseiice and ])ositioii of coal-bearing strata 
within the metropolitan area. 1 also endeavoured to determine the 
points at which such trial-borings might be most advantageously 
put down 

Sliortly after the appearance of these articles, M. Ad. Firket, an 
eminent geologist and engineer, published an abstract of the views 
which I had enunciated — in which he generally concurred — in a 
foreign journal, adding some valuable remarks of his own upon the 
subject f. 

The deep well at Richmond has sujjplied one more of the desired 
borings running in a line from north to south across the London 
Basin. But it has at the same time aftbrded new data calculated to 
modify to some extent the conclusions at which geologists had pre- 
viously arrived. These I shall proceed to discuss. 

From the facts detailed in this paper it is now evident that, in 
the Bouthern part of the metropolitiin area, shafts in Search of coal 
would probably have to be carried through a considerable thickness 
of Oolitic strata, and that these Oolitic strata probably increase in 

* Nature, vol. xxv. j>p. J311 and 3()1. 

t Revue UniverscUe des Mines &c. tome xii. 2^' eerie (1882), p. 457. 



THE JURASSIC DEPOSITS WHICH UNDERLIE LONDON. 


759 


tliickness as we proceed soutli wards. If we are right in referring 
the red and variegated beds at the bottom of the Ilichmond borehole 
to the Poikilitic, there will also be an additional and, at present, 
unknown thickness of strata of tluit age to be ])assod through. 

In the other deep borings within the London area, the l^almozoic 
ridge was struck at depths of LJOO ft. or less beneath Ordnance- 
datum line; but at Ilichmond, at a depth of nearly 1400 ft. below 
that level, the rocks of Ihilmozoic age do not seem to have been 
touch and under aii}' sup])osilion tlie overlying rocks are 1220 
it. thick. The considerations 1 have just stated lead one to fear 
that furtlier to the south the distance of the Paheozoic ridge from 
the surface would b(^ still greater. 

It must be rem(;ml)ered, however, that unequal elevation and 
denudation in pre-Cictaceous times might bring about a sot of 
conditions which, if known, Avould greatly tend to modify tlu^ above 
conclusions. Mr. (jro(lwin-Aust,cn suggested that old lines of 
disturbance often coincided with those of later date ; and as a modern 
axis of disturbance is known t(> exist along the line of the North 
Downs, a coincident flexure of older da,tt‘ may have resulted in 
l)ringing the Paheozoic rocks nearer the surface. J1 (mce Mr. Godwin- 
Austen has ex]>rossed himself in favour of a trial-boring for coal 
being made in tla; neighbourhood of the North Downs. 

Taking into account the luohahle thickening of the Oolitic rocks 
as we go southwards, as indicated b}’ th.o IJattle and the Ilichmond 
borings, and the possibility that Wealden strata, may also be found 
to overlie these, us wo ap])roacb the North Downs, it must be 
admitted that a very gnut amount of pre-tT'et-accous disturbance 
and erosion would bo reojuin^d to place the Paheozoic rocks within 
moderate distance from the surface. 

Of course if the boring were commenced in any lower raembor 
of the CT(‘taceous scrit's, there Avould be so much less rock to be 
passed through in the upper j>art of ihv boring. Put in order to 
do this, it would he necessary to procc'cd southwards ; and it is, to 
say the least, not improbable that the tliickenirig of the Jurassic strata 
in passing southwards may more than connteibalanco the removal 
of the Cretaceous beds by dcuudation. If tin* thick sandy beds of 
the normal Lower Greensand were met with, there would of course 
be a further, but probably not insuperable, difficulty cncoujitered, 
that, namely, of sinking through very loose and pervious beds. 

On these grounds I cannot help fearing that the prospect of 
finding coal at workable diqitlis under the southern part of the 
London Basin is rendered less hopeful in consequence of the results 
which have been obtained tlirougb the Ilichmond well. 

If the red rocks at Ilichmond belong to the Old lied Sandstone 
and not to the Poikilitic, it is still possible, bearing in mind the 
effects of the remarkable reversed faults in the old Palaeozoic ridge, 
as proved by the researches of M. Gosselct, that Carboniferous strata 
might be found underneath them. The chance would, however, be 
probably regarded as too slender a one to encourage a prosecution 
of trials through such red rocks. 

3e2 



760 


PROF. J. W. JURl) ON THE NATURE AND RELATIONS OF 


All who have paid much attention to the subject have been 
convinced that coal-seams, if found under London, would probably 
prove to be, as a whole or in part, of the anthracitic variety. This 
being the case, it is interesting to notice that in the junction- beds 
above and below the Great Oolite at Eichmond, fragments of 
anthracite mingled with pebbles of Coal-measure sandstone and other 
hard rochs from the Palmozoic ridge were found in considerable 
abundance. That these fragments of anthracite occurred in the 
rocks and were not accidentally introduced 1 was able to prove 
beyond the possibility of doubt by actually taking them out of the 
hard calcareous matrix in which they were imbedded. 

Hence we are irresistibly led to the conclusion that at the period 
when the Jurassic strata were being deposited, portions of the old 
Palocozoic ridg(^ were above the sea-level, and that among the rocks 
of this old ridge w^ere Coal-measure sandstones with seams of 
anthracite. That these fragments of anthracite were derived from 
no very distant locality may be inferred from the brittle nature of 
the substance. 

From this interesting observation I think we may conclude that 
the “ Coal under London ’’ has really been found, though as yet, 
unfortunately, not in situ. 


APPENDIX. 

On the Great-Oolite Fossils /( uenr? in the Etctimond Tottenham- 

Court-Eoai) Wells. 

As Prof. T. Eupert. Jones has kindly undertaken the description 
of the Ostracoda and Foraminifera, Dr. G. J. Hinde of the Sponges, 
and Mr. G. Yinc of the Eryozoa from these strata, it will only be 
necessary for me to give a short account of the peculiarities of some 
of the other forms of life found in these interesting deposits. 

A compleie scries of specimens from the Eichmond well will 
eventually be placed in the British Museum, with a set of duplicates 
from Meux's well. The original series of Mr. C. Moore belongs to 
the Bath Museum, and to these will be added for comparison a set, 
as nearly complete as possible, of the Eichmond fossils. 

The fossils of the claj^ at Eichmond, though unworn, consist for 
the most part of disjointed ossicles and spines, and of small and 
immature specimens. Those from Meux’s well are much eroded 
and often covered with a thick coating of calcic carbonate, so that 
in many instances it is difficult to make out even the genera to which 
they belong. 

Gasteropoda are extremely common in the Meux-well washings, 
but they are for the most part young shells, and very imperfectly 
preserved. With respect to the supposed freshwater forms, I am 
unable to add anything to the notes of Mr. C. Moore*. Some of 
the limestones from this well preserve good hollow casts of Nerinoea, 
* Quart. Joum. Geol. Soc. voL xxxiv. (1878), p. 920. 
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Cylindriie^. and other univalve shells. In the Richmond clays 
Gasteropoda are very rare, but a few are found in the limestones. 

Fragments of full-grown Lamelli branchiate shells abound in the 
llichmond washings. Except, however, in cases like that of Pecten 
rushdenenfiis, Lyc. & ITor., wliere the surface-markings arc of a very 
distinct and characteristic i>atlorii, it is very difficult to determine 
the species to which tliey belong. The young forms which occur 
both at llichmond and at Meiix’s llrewery usually afford very 
unsatisfactory evidence conocrning the species to which tliey should 
be assigned. 

With the Braehiopoda, liowover, the case is different. Mr. T. 
-Davidson, F.ll.S., has kindly examined the sjiocimens and su])plied 
me with notes from which ho has permitt(‘d me to (jiiole. 

The most cluiracteristie slndl in the llichmond deposits was the 
Teri'hratnld coarctdiit, J'ark. A very ])erfect s])eeimen, measuring 
124 millim. hroad hy 12 millim. high, was found with many 
fragments of adult shells, and 3 c)ung sjjeeiinens in ev(‘ry stage of 
growth, 'fhe largo and ])erfect s])ecimen is describ(‘d ])y Mr. Davidson 
as being “ a v'ery tyjiical example of the s]>ecies.'” The spines on 
its surface are exfpiisit ely jn-eseived. I have not found T. coarctata 
among the washings from Meux’s well. 

2\:re/>r<{itfla marlUata^ Sow., is also very abundant in the Great 
Oolite of llichmond. An adult shell of this species occurs in one of 
the beds of limestone beneath lluhinond at. a d(‘])tb of 1211) ft. ; it 
measures 48 millim. in breadth, arid do millim. in ludgbt, but is 
slightly crushed. Eragnnails of this slndl, often ovcTgrown with 
Bryozoa, occur in th(‘ clays, with ])rodigious nnrnhers of the young 
form of the shell. Of tlieso vamng forms Mr. Davidson writes, 
T have carc'fully com])}ired thes(‘ small specimens, and believe them 
to be the young forms of 'Fciulrdlifla mdxilhiht^ a form that occurs 
along with 2\ coarctata. At Hampton ( diff near Batli, in the Great 
Oolite, similar young forms maybe colh^cted hy hundreds.” Lliwyd, 
as Mr. Davidson points out, has figured a series of specimens from 
Hampton Cliff in his Mdthopliylacii Brituiinici Ichnograidiia,’ pi. ix., 
showing the transitions from the young to the adult forms. Mr. 
Davidson failed to find anuing th(‘ Bichiriond s])ecimens any that 
were referable to Ttrchratala JJiicl tnanl, a form which at Hampton 
Cliff occurs with T. ma.cUlata. The young forms of T. maxillata 
occur in the washings from Meux’s well, but are much rarer than 
at Kichmond. 

T'erehratnla dvjona ? Sow. Among the small Terehratalw from the 
Meux’s-well washings are several which appear to he the young 
of T. d'ujona, 

RhynchoneUa concimia s])., is represented at llichmond by a 
few fragments of the adult shell and a number of young ones. Both 
were identified without hesitation by ^fr. Davidson. The young 
forms occur in the washings from Aleux’s well. 

The interesting forms of Thecidium and Zellania found by Mr. C. 
Moore in the material from Meux’s well did not occur in that 
from llichmond. 
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The remains of Echinoderms from these two wells, consisting, as 
they do, for the most part of disjointed ossicles, plates, and spines, 
are very difficult to determine. Among the most common are 
marginal plates and eye-plates of an Asterid. Precisely similar 
forms, thougli less ])erfeetly preserved, occur in the washings from the 
Bradford Clay. Eye-plates of like kind are figured by Quenstedt 
in his ‘ I’etrefaeteiikunde Deutschlands ' The marginal plates are 
HO like those of Asiiropectm, that 1 have little doubt that they 
laust bo referred to that comirion Oolitic genus. 

The Crinoids have been kindly examined for me by T)r. P. H. 
Carpenter, who states thiit they represent arm-joints and cirrus-joint s 
oji J^eniacrl.mis scalaris and of another Pentacrinid. Ho refers other 
fragments with doubt either to Bourijeticrhius or Thiollv 'ricnav.s. 


EXPLAIVATION OF PLATE XXXIIl. 

Chalk of i he Zone. o/Bideirniilos ])li‘ruis/royy/ a depth of *704 ft. in the 
liivhmond, WelL 

Fig. 1. Sliovvs ( Ik* appoji ranee of a polished surface of this dialk, magnified t wo 
diainefers. The lighter jkorf.ions arc the included fragments of 
fr7o///y/crh/(?-clialk ; the darker jiorlion shows the matrix made up of 
fragments of various organisms, .some of these fragments being of 
considerable size. 

2. Illusl-rates llie appearance ol’ the rock wht'U seen in thin section by 
traiismiltcHl liglil. willi a low power. A is tin* (rlohic/erina-vhnlk, of 
an included fragment of wlii(‘h the edge is seen in tlm slide. Tt 
a]>pearH to Ih* almost entirely made u)) of iragments of minute 
(.ilohipcrha'. A few other forms of Foraminifera occur, among wJiich 
Text tthtrla is e-onspicuous. 15 shows tlie character of matrix which 
encloses 1 lie fragment, • 


Discussion (February 6, 1 SSd). 

Prof. PuESTWten spoke of the value of the paper and the good 
fortune tlnit the excavation had been watched by such experienced 
geologists. He ctilled es]>ecial attention to the two divisional and 
apparently denudational zones in the C-lialk, and to tlie persistence 
of the total thickness of the Chalk in the Tjondon area. But the 
main interest of the paper consisted in the suh-Oretaceons strata. 
The specimens from the boring at Meux’s Brewery, which were ver}^ 
fragmentary, were supjio.scd to he Xeocomian, and so led to the hope 
that the sand-beds might set in at a short distance to the south. 
Tt was, however, now clear that those calcareous beds were Oolitic. 
ITe did not, however, agree witli Prof. Judd in thinking the red 
hods Triassic : they appeared to him more j)robably Old lied Sand- 
stone, though doubtless it was difficult to say. If they were the 
former it would be less likely that PaL*eozoic beds, as evidenced in 
the conglomerate, should occur in the vicinity. Tf the water rose to 

Tab. 91. 
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SO great a height as 130 ft. from the surface, he should expect the 
outcrop to be on ground of considerable height. 

Mr, Etheridge said that few more important papers had been 
read before the Society. Our knowledge of the subterranean 
geology of the south-eastern and middle part of England had been 
greatly augmented of late, especially by borings near N'orthampton, 
the results of which would before long bo brought before the Bocioty. 
The great gap tliat existed in the London area between the Creta- 
ceous and the Paheozoic rocks was remarkable. The discovery of 
Jurassic rocks and fossils in this llichmond area was important, as 
linking the British to the French area, the boring at Battle serving 
as a connecting link. As regards the Moux’s Brewery, he felt con- 
vinced that the upper and sandy part of the so-called Xeocomian 
was certainly of tliat ag(‘ : of the lower part it was more doubtful. 
Triffonia aldfonnU and Astarte formosa occurred in the uj)per part, 
with one or two other distinctly Ncocomian fossils. Of the occur- 
rcaicc of Devoninn there and at Turnford there is no doubt, nor of 
the Wenlock at Wore. I'hesc di])])ed towards the south. He ho])ed 
that at lliclimond tiny would attempt to reach sf)raething below the 
r(?d beds, so as to prove tlie presence of undoubted J^ilteozoic rocks. 
There was no doubt, liowcvcr, that the (ireat Oolitci and Bradford 
Clay are represented in the boring. 

Mr. Topley called attc'ution to some R])(H*imens from the Kentish- 
town boring exhibiled by permission of the Diroctor-Ceneral, and 
some from Meux’s boring. Becent oxamination of the latter had 
j>roduced some evidence! corroborative of Prof. Judd's view as to thoii* 
Oolitic age, at any rate in jiaid;. As regards the occurrence of coal, 
he drew attention to tlie boulder of coal Ibuud in tbo Chalk near 
Hover, which was not aiitliracite. If the ntl rocks wt‘re not Now 
lied, he hardly saw how they covdd be Old lied, as so near the beds 
had a true Devonian facies. He also called attention to a well at 
Chatham Dockyard, which had ])assod through 3<.) ft. of Folke- 
stone beds, 9 ft. of Atherfield (?), and then, as he h(dioved, Weuldcn 
bods. He thought all the evidence lunv brought forward by J*rof. 
Judd showed that the ])oriiig in the Weald hud hoen wisely aban- 
doned. He also called attention to Prof. Judd’s diagrams as illus- 
trating the coniioxiou betwee-.n th(! thinning out of lower beds and the 
dip of the overlying beds, the latter being explicable l)y the foi mer. 

Prof. Hughes remarked that the comi>rossil>ility of newer bods 
abutting against un compressible older beds, by causing a dip away 
from the axis, would be another exjdanation of the amount of 
apparent dip of the same kind as that which Mr. To])ley had last 
mentioned. He agreed with Prof. Prestwich in doubting whether 
the red beds were Trias. The base of the Oolite sliowed that the 
materials had come from some distance, and the Lias and llhsetic 
were wanting. Nowhere else did an unconformity so marked occur 
between Oolitic and JriaSj and he thought it could not he inferred 
from the results of one boring. Also the finer beds generally 
occurred high in the Trias, and ho should expect to find coarse beds 
in the lower or Bhore<^eposits. 
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Prof. Prestwtch said that in the Bonlonnais an Oolite of the same 
age as at llichmond rested directly on Paheozoic beds. 

Mr. Clarke Hawkshaw said the red-rock specimens were exactly 
like those of the Trias in the Severn Tunnel. 

Mr. A. II. Binnie asked a question about the quality of the 
water. 

Mr. IIoMERsuAM said the water from the Oolite contained 72 grains 
of solid matter per gallon, but was not therefore unfit for domestic 
use ; there were 26 grains of chloride of sodium and other mineral 
matter. The quality of the water would probably improve when a 
large quantity had been pumped from the bore-hole. 

Prof. Tut)1> said, with regard to the age of the red beds, that Prof. 
Prestwich and he were agreed as to ihe difference between the 
Crossness and Kentish Town strata and those at llichmond, the latter 
being much more like Trias. But what weighed most with him was 
this — at Meux’s Brewery and at Turnford there were thoroughly 
charact(Tistic Devonian beds ; and, he asked, Were Old Red SayidsUme 
beds likely to occur so near to those places as at Kichmond ? As 
regarded Thof. Hughes’s s])eculativo difficulty, MTiy should not Oolitic 
beds lest un conformably on Trias? at first he himself had thought 
the beds might be Old Red, but he had gradually arrived at the 
opinion which he now held. As regards the Ncocomian in Meux’s 
W(‘ll, he h<‘id only come to the conclusion of their non-existence 
after very careful examination. Oolitic limestones occurred quite 
at the top of the series ; and only 5 ft. below the Gault, he had 
obtained Tu lgonia eostata^ var. He was himself convinced 

that no Neocomian sjjecies had occurred in ihe well. He thought no 
argument could be based on the boulder of coal found at Hover, as it 
w(is probably carried ly an iceberg, possibl}' from a great distance. 
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49. Notes on the Foeamintfera and Ostracoda from the Deep 
Boring at Richmond. By T. IIxjpert Jones, Esq., F.ll.S., 
F.G.S. (Bead June 25, 1884.) 

[Plate XXXIV.] 

§ I. Specimens 1-8 came from 1145' 9" to 1140' 6'’. 

§ II; 8pecimeiiB 11-19 came from 1151' t o 1151' 0". 

§ III. Specimens 21-57 came from 1205'. 

They have aU been carefully mounted, and will be deposited in the British 
Museum and elsewhere. The numbers here indicated are the numbers of the 
specimens as mounted and preserved, and have no reference to the order of the 
species as described in this paper. 

§ I. Depth of 1145 feet 9 inches to 1140 feet 0 inches. 

From the bed, 9 inches thick, at the deidh above mentioned, there 
were obtained seven specimens of Foraminifera, and several Ento- 
mostracan valves. 

1. Foraminifera. 

These comprise six specimens of (Jri stellar la and one Lltuola, 
The latter may be regarded as L, nantiloldea^ var., and is small, 
discoidal, depressed (slightly biconcave), with blunt or rounded edge. 
It belongs to the HaphpJmujmium division, is much like the recent 
H. emaciatum^ H. B. Brady, ‘ Report on the Foraminifera obtained 
during the Voyage of the “ Challenger,” ’ p. 305, pi. 33. f. 27, and 
is not far removed from 11. uanKm,, II. B. B., and II. acutidor- 
satuni, Hantken ; but the last is involute, instead of evolute, in 
its growth. 

The si)ecimeii before Us may be termed Litaola nautiloidea, Lam., 
var. (Uaplophraijmlum) depressa, nov., or, for convenience, L. de- 
pressa. It looks so smooth and worn that it is possibly a derived 
fossil. PL XXXIV. fig. 2. 

Of the Cristellarir, which are all of small size, and some minute, 
there are the following species or varieties : — 

(1) Cristellaria rotidata (Lamarck), thin-edged, with convex um- 
bilicus, and raised septal lines ; the chambers are rather small, very 
oblique and subfalcate, about nine in the last whorl (PI. XXXI Y. 
fig. 9). There is also a very small, ill-grown C. rotulata, with the 
posterior angle of some of the chambers projecting from the circular 
edge ; not an uncommon condition. 

(2) Cristellaria cidtrata (Montfort), with keel, central boss, thick 
and raised septa, and about 7 chambers in the last whorl, PI. 
XXXIY. fig. II. 

(3) A less circular (more elliptical) variety of the last- mentioned 
form, with 0 chambers visible, the last of which projects slightly 
forwards, PI. XXXIY. fig. 10. 

(4) Cristellaria rotulata (Lamarck). A somewhat Marginuline 
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Oristellaria^ in which the chambers are few and ventricose, in- 
creasing rapidly in size. The last chamber is set on nearly straight, 
not in a spiral direction. The septal lines are depressed. PI. XXXIV . 
fig. 7. This matches some varieties allied to Marginulina simplex^ 
D’Orb., CristeUaria mirahilis, Peuss, &c. 

In this limited group of Foraminifera (§ I.), there is nothing 
especially characteristic. Those forms range through the Secondary 
and Tertiary formations to the Eecent Period. Indeed CristeUaria^ 
is of Silurian occurrence, and llaplopliragmium is known in the 
Carboniferous rocks. 

2. Entomostraca (Ostracoda). 

1 . Macrocypris Ekadiana, sp. nov. (PL XXXIV. fig. 23.) 

Smooth, subelliptical, with an obliquely tapering posterior end, 
and the dorsal edge more convex than the other. Two specimens, 
one larger than the other ; the former shows the outside (fig. 23), 
and the other the inside of a valve. 

In shape this is nonr to, but more oblong than, M, tumida, G. 8. 
Erady, ‘ Iteport on the Ostracoda of the ‘‘ Challenger ’’ Expedition,’ 
p. 43, pi. (). fig. 2. 

2. CyTUERE ScilWAGElilANA, Sp. TlOV. (PI. XXXIV. fig. 27.) 

One valve. 8mooth, subovate, somewhat of the peach-stone 
shape ; more convex on the dorsal than on the ventral border, the 
hinge-joint being slightly prominent. The ventral region is convex, 
slightly bulging over its boi-der. 

The name of J.)r. Conrad 8chwagcr, who has described many 
Jurassic Miorozoa, is associated with this species. 

3. Cythere JUOLANnrcA, sp. nov. (PI. XXXIV. figs. 36, 37.) 

Throe specimens. In shape somcAvhat like a long peach-stone ; 
coarsely reticulate, and rough like a walnut-shell ; the meshes more 
elongate on the ventral region. 

The kind of reticulation here seen is met with in Cytlierai of dif- 
ferent shapes, fossil and recent. In the specimens under notice, 
and among others from other parts of the deep boring at liichmond, 
tliere is considerable variation in the strength or depth of the coarsely 
sculptured network ornament of the valves. 

4. Cythere (Cytuereis) quadrilatera, lldmcr. (PL XXXIV. 

figs. 39, 40, 41.) 

One valve (fig. 39), irregularly oblong in outline, the anterior 
hinge- joint standing out on the dorsal margin. Bordered all round 
with a raised smooth rim of varjdng thickness, thickest at the 
antoro- dorsal margin, llidged medially, from the anterior third 

* C. rotulafa has been figured by Mr. E. O. Ulrich from the Lower Silurian 
of Cincinnati (Journ. Cincinn. Soc. Nat. Hist. vol. v. (1882?), p. 119, pi. 5, 
figs. 1, la), and M. O. Terquem has noticed a CristeUaria from the Devonian of 
Paiirath (Bullet. Soc. Geol. Fr. 3, viii. p. 414, &c., 1880). 
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backwards, with a smooth thickeniDg of the test, beginning with an 
irregular boss just behind the front hinge-joint. Posterior margin 
narrowed, depressed, bordered with a very slight, tubercled rim. 
Some specimens from other depths in the boring (figs. 40, 41) are 
larger and show variation in the intensity of the tubercles. 

This is the Cythcre ( CytJiereis) quadrilatem^ Homer, ‘ Monogr. 
Cretaceous Entom. England,’ Pal. Soc. ]>. 18, pi. 3. fig. 10 ; pi. 4. 
fig. 10. It occurs also in tlic Portland Oolite of Dorset. 

5. Two obscure specimens suggest the possibility of their having 
been — one a Cythereis and the other a Cythere^ but they are unde- 
terminable. 

The above-described Ostracoda from § I. belong to common types, 
and offer nothing specially charact eristic of any particular formation ; 
similar forms ranging through Secondary and Tertiary into liccent 
times. C, t^uadrilaUra is well known in the Chalk and (lault ; and 
it accompanies other “ Cretaceous forms in the soft, white, chalky 
Portland Oolite at ]vidg(^way, Upway, Dorset. See Quart. Journ. 
Geol. Soc. XXX vi. p. 230. 

§ II. From the Slrafitm at 1151 feet to 1151 feet 0 inches. 

1. Eokaminieera. 

1. Crtstellahia rotulata (Lamarck). 

Small ; with nine triangular cliambers in the last whorl ; and 
with a subtranslucent convex umbilicus, a flush surface, sharp edge, 
and nearly straight sepial lines. 

2. Cristellakia italic a (Defrance). 

Small, short, thick ; a well-known triangular (arrested?) form of 
Cristellarla, 

3. Cristellaria, sp. indet. 

A small broken specimen, probably derived. ; white and rather 
rough. It looks like the butt-end (early chambers) of an elongate 
or Marginulirie Cristellaria, 

2. Ostracoda. 

]. Eairdia Juddiana, sp. nov. (PL XXXIV. fig. 18.) 

Very broad (that is, the valve is very high if placed in its natural 
position), subovate, smooth, delicately pitted. 

Prof. J. W. Judd’s name is associated with this species, found by 
his careful researches in the deep strata at iliehmond. 

2. Bairdia trigonalis, sp. nov. (PL XXXIV. fig. 19.) 

Narrower than the foregoing, but broad and almost triangular ; 
smooth and delicately pitted. 
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3. Cttheridea siTBPEEFOBATA, sp. nov. (PI. XXXIV. figS. 25, 2G.) 

Two specimens (fig. 25, and a broken valve). Smooth ; subovate 
but rather long; obliquely rounded in front, the antero-dorsal 
border sloping ; rounded posteriorly ; dorsal border subangular at 
the front joint ; hinge-line oblique, but straight ; ventral border 
nearly straight. Closely allied to G. perforata (Eomcr), which is a 
Cretaceous species. 

4. Cytheee subconcenteica, sp. nov. (PL XXXIV. figs. 28, 29.) 

Six or seven specimens. Small and plump ; of the peach-stone 
pattern ; smaller and rather smoother than (7. concentrica^ Reuss, 
which is not rare in the Chalk. It is faintly marked vith a linear 
subconcentric reticulation, or shallow elongate pittings, particularly 
on the ventral region. It reminds us of the species just mentioned, 
and, at first sight, of its smooth variety virgima. See Monogr. Cret. 
Entom. Pal. Soc. 1849, p. 11, pi. 1. fig. 2 ; and Geol. Mag. vol. vii. 
p. 74. One specimen shows minute spots, like the bases of prickles. 

5. Cytheee JUGLANDiCA, See above, p. 766. (PI. XXXIV. figs. 36, 

37.) 

Two specimens of this weU-defined Cytliere of the pcach-stone 
type ; convex, suboblong or subquadrate, and rugose, being coarsely 
reticulate like a walnut-sheU, with the meshes more elongate on 
the ventral region. 

6. Cytuekella symmetric a, sp. nov. (PI. XXXIV. fig. 42.) 

Symmetrically oblong-oval, or oblong with rounded ends; edge- 
view Bubcuneiform ; delicately pitted ; subcentral sunken spot 
present. 

There are many oblong Cytherellce, and some of them closely 
approach this fonn. C. fraterna (Reuss), from the Trias, is the 
nearest, but is not so perfectly symmetrical in outline ; so also 
the recent C, seotica^ G. S. Brady ; but this is rather contracted 
medially. Among the many published figures of the Cretaceous 
C, Muensteri (Rdmer), some nearly match our specimen. C. paraU 
lela, Reuss, is symmetrical, but too narrow. Eor a list of the 
published Cytherellce, and for a classification of the species, see the 
‘ Monograph of the Carboniferous Cypridinidsc and their Allies ’ 
(Palaeontographical Society), 1884 (now in the press). 

The Gyilierella under notice may well be named 0. symmetrica , 

7. A small Cy there (?) or short Bairdia (?), obscure ; and a broken 

solid carapace of a Cyiherella? 

Of the Foraminifera and Ostracodafrom 1151' to 1151' 6"(§ II.), 
the former are Cristellarice, of no special geological horizon ; and 
some of the latter have a Cretaceous aspect, but these are associated 
with less marked species. 



Miscellanea of § IL 

A rolled, bilobed granule, and another, obscure. 

Two small solid spirals (Gasteropodous ?). 

Small, curved, tapering, solid body, pentagonal in section ; smooth, 
shining, and cross-marked with very delicate striso (comp. Blake, 
‘ Lias,’ pi. 17, f. 20, “ spicule ”). 


§ III. J^rom the Stratum at 1205 feet. 

1. PoRAMINIFERA. 

1. Miliola (Qtjinquelocflina), sp. (PL XXXIV. fig. 1.) 

Small ; edges of chambers narrow and projecting. 

Such little sharp-edged Miliolm are not wanting in some of the 
Mesozoic strata. 

2. Lagena l^vis. Walker and Jacob. (PI. XXXIV. fig. 3.) 

Small, neat, simple, smooth, flask-shaped ; not different from the 
recent form. This kind of Lagena occurs all through the Jurassic 
formations ; and is known even in Silurian strata. 

3. Peondicitlakia oolithica, Terquem, var. regularis, (PI. 
XXXIV. fig. 4.) 

Two Linguline Frondicularice^ belonging to the group described 
and illustrated by M. 0. Terquem in his ‘ Troisi^me Mem. sur les 
Foram. du Systeme Oolithique, &c.,’ Metz, 1870, pi. 22, and com- 
prising his F. oolithica^ spissa^ spatulata, &c. from the Lower 
Oolite. It is also a Liassic form. Our specimens begin with the 
usual little round knob of earliest chambers, and take on about 
9 chevron- like, nearly equal chambers, limited in lateral extension, 
and varying somewhat in that development. Surface plain, nearly 
flush, and roughish. 

4. Vaginulina legumen* (Linne), var, l^vigata (Rdmer), 

(PL XXXIV. fig. 5.) 

Two specimens, small and neat ; one with a slight curvature of 
growth (fig. 5), the other straight. These belong to the Icevigata 
variety of the type, which, in one form or other, is widely spread 
and has a long range in time, occurring certainly in the Lias and 
Oolites. 

5. Makginuijna kaphanus (Linne). (PL XXXIV. fig. 6.) 

Two specimens ; very small, but typical. It is known in the 
Lias and the Lower Oolite. Compare Schwager’s short, ribbed 
Gristellaria oolithica in Bonecke^s ‘ Geogn.-paliiont. Beitr.’ 1867, 
p. 657, pi. 34. fig. 10 ; also Marginulina picta^ Terquem, in the 
‘Yorkshire Lias,’ p. 462, pi. 19. fig. 6 6. 

^ See * Monogr. Foram. Crag/ Pal. Soc. ISfiO, p. 64 &c. 



770 T. E. JONES ON rOEAMINIPEEA AND OSTRACODA 

0. Cribtbllaeia ceepidtjla (Fichtel & Moll.) (PL XXXIV. 

fig. 8.) 

A. small elongate CristeUarian form, with smooth surface, not 
limbate. Certainly as old as the Lias, frequent in the Oolites, and 
living now. 

7. Ceistellaeia eotijlata (Lamarck). See above, p. 765. 

Several specimens. 1. One smooth, flush-surfaced, thin-edged. 
2. Some, both small and largish, of ordinary character ; occasionally 
limbate. 3. One small, flush, subtranslucent. 

8. Ceistellaeia culteata (Montfort). See above, p. 765. 

Several ; largish and small ; one with a jagged keel. (?=(7. cal- 
car, or broken.) 

9. SpTiaLLiNA HELVETICA, Kiiblcr & Zwingli, ‘ Mikrosk. Bild. Urw. 

Schweiz.’ 1807, p. 12, pi. 2. fig. 8. (PI. XXXIY. fig. 12.) 

One specimen : small, translucent, with nine whorls, increasing 
very slowly in size. We need not separate our specimen from those 
of the Swiss Jura. JSjk Helvetica, from the Opalinus-clay, was 
again described and figured by Zwingli and Kiibler in 1870 (Foram. 
Schweiz. Jura), but as a Corniisjnra (p. 13, pi. 2, i. fig. 3), together 
with O. ei(liher(jensls from the Parkinsoni-clay, p. 17, pi. 2, iv. 
fig. 2 ; but they seem to belong to the same species ; and both are 
“ colourless and glass-clear (one is ‘‘ translucent ”), so they 
cannot be Corrmf^idra?. 

10. SriRTLLiNA CEAssA (Zwiiigli cS: Kiibler), ‘ Foram. Schw. Jura,’ 
1870, p. 19, pi. 2, iv. fig. 2. (PL XXXIV. fig. 13.) 

This specimen has about, four whorls; the last is by far the 
widest. Subtranslucent, rather convex. The Swiss form (from the 
Callovian beds), which seems to l)o e(|uivalent, was described as a 
Ooi'nuspira, but it is colourless and glass-clear.” The specific 
name is not quite appropriate, unless the breadth of the whorl is 
taken as thickness ; but wo need not add to the catalogue of names. 

11 & 12. Planot;i?ultxa Hatdingeei (D'Orb.), and varieties (PI. 
XXXTV. tigs. 14, 15); and J'lanoeiujlina faecta (F. & M.), 
var. (PL XXXTV. fig. 1(>). 

These small Plano rhtdliuv are present as seven or more specimens, 
varying much in size and aspect; some are broken or otherwise 
obscure. Two of the most definite are figured here (figs. 14, 15) 
as belongiug to the 1*1. Haidinperi type; and one (tig. 16) as being 
nearer to PI. {Truncal idina) hhatala, W. & Jacob. Analogous 
representatives of the Planorbuline group have been described and 
figured by Zwingli and Kiibler from the Jurassic strata of Swit- 
zerland (Forum. Sebw. Jura, 1870) under various names — as Nonio- 
nina Utdensls (]). 37) from the Coralliaii, lYoniomna hirnientorfemis 
(p. 29) and llotalina badensis (p. 35) from tlie Oxfordian, and Nonio- 
niiui ohlonga (p. 21) from the Callovian beds. 
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13. PuLvnrciiiNA elegans, D’Orb., var. tenblla, nov. (PI. 
XXXIV. figs. 17 a, 17 ft.) 

Only one specimen ; small, depressed ; deeply excavated on the 
upper face with the sunken tops of ten chambers ; or, in other 
words, bearing their raised limbate coil and septa, which are not so 
symmetrical as in other varieties. The opposite face is subconical 
and smooth. This kind of Pulvinidma is abundant in the blue 
day obtained at second-hand from the gypsum-pits at ChoUaston, 
near Derby, and described in the Quart. Jouni. Geol. Boc. vol. xvi. 
p. 452. Prof. Eeuss long ago pointed out that those Chellaston 
Poraminifera had a Liassic aspect ; and they were specially collated 
by Jones and Parker vrith those of the Lias and Oolites, at p. 456, 
As doubts were expressed about the geological stage whence the 
clay was derived, a search for the clay in place was made some 
time after, but without any good result, and the evidence is still 
what was stated at p. d52. J\ el(’</am is described and figured, 
op, cit, 1860, p. 455, pi. 20. fig. 46, as ilotaUa elegam; but its 
true relationships were pointed out in the Phil. Trans. 1865, pp. 393, 
396, &c. FulvimiMnd' belonging to this type occur in the TriaE 
(Bt.-Cassian beds), Lower Oolites, &e., and abound in the Gault. 
P. camcolla (lldmer *) and ]\ rdieulaia ( Reuss t), from the Hils 
Clay, are the nearest to our specimen, but they are too thick and 
symmetrical. 

14. A small Miliola ?, obscure ; and a small, white, sandy (?), convex 
disk — Wehhina ? 

2. Entomostraca at 120 r ) feet, 

1-4. Bairdi^e. (PL XXXIV. figs. 20, 21, 22.) 

Bcveral specimens occured here, and of various outlines and shape. 

Bairdia Hilda ^ sp. nov. (fig. 20), is longer than either fig. 18 or 
fig. 19 (see p. 767) in proportion, and more oblong in sh,apc, but 
rounded anteriorly and acute behind (downwards in the figure). 

Bairdia jurasdea, sp. nov. (fig. 21), is a cara])ace with narrow 
valves, relatively long, and wdth outdrawn, but rather blunt, pos- 
terior angle. 

B, Jurassica, var. tennis, nov. (fig. 22), shows the loft valve 
(largest) of a very narrow thin Bairdia ; but perhaps it need not 
be separated from fig. 21, except as a variety. 

It is difficult to correlate these Bairdia' with known species. 
The differences in outline are often of trifling amount, but yet pos- 
sibly essential, as may bo seen also with the Carboniferous Bairdioe, 
in the Q. J. G. B. vol. xxxv. p. 565 &c., pis. 28 to 32 ; and in G. B. 
Brady’s ‘ Report on the Ostracoda collected in the “ Challenger ” 
Expedition,’ pis. 7 to 11; without referring to the many other 
published figures of Bairdkr from all formations, even from the 
Silurian upwards. 

Verst. Norddeutsch, Kreideb. 1841, pi. 15. fig. 22. 
t Sitzungsb. k. Akad. Wiss. Wien, vol. xlvi. 1803, pi. 10. f. 4. 
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5. CrTHERiDEA suBPERPORATA, 8p. nov., soG abovo, p. 768. (Pl- 

XXXIY. figs. 25, 26.) 

Two specimens (represented here by the best, fig. 26). Trian- 
gular-ovate. Right valve the smallest, overlapped by the other 
nearly all round, especially on the dorsal and ventral edges. Sur- 
face smooth and shining, but pitted ; in one specimen the pitting 
is delicate, in the other (fig. 26) coarse, 

6. CvTUERE ? TENELLA, sp. nov. (PL XXXIV. fig. 24.) 

One specimen; very small and delicate; translucent; oblong, 
slightly oblique, with rounded ends. 

7. Cythere Gtjembeliaka, sp. nov. (PI. XXXIV. figs. 31, 32, 33.) 
Several specimens, differing much in development. Generally 

ovate-oblong, somewhat oblique, or subquadrate. Convex, with 
surface shining, but impressed with a coarse reticulation, in some 
cases faint. The cross meshes make faint or strong wrinklings ; 
and the longitudinal ridges often get strong on the ventral region. 
Oblique transverse imprints are more or less marked on the dorsal 
region (see especially fig. 33), with a central roughish round pit-liko 
mark. The two extremes are figured. This species is named after 
Dr. C. W. Glimbel, F.M.G.B., of Munich, who has discovered and 
described many Jurassic microzoa. 

8. Cythere drupacea, sp. nov. (PI. XXXIV. fig. 30.) 

A specimen of the peach-stone form ; convex, with full ventral 
region, arched back, tapering posterior and obliquely rounded ante- 
rior border. It has a coarse but faint wrinkhng, with an inclina- 
tion to strengthen some of the longitudinal lines. The wrinldes arc 
oblique on the ventral region. 

9. Cythere (Cytuereis) qijadrilateka, Roraer (see above, p. 766). 

(PI. XXXIV. figs. 39, 40, 41.) 

Two specimens (figs. 40, 41). Smooth, glossy, with scattered 
spots, like the bases of small prickles ; end-borders slightly den- 
ticulate ; and the ridges, medial and marginal, more or less tuber- 
culate, especially in these older (larger) individuals. 

10. Cythere Blakeaka, sp. nov. (PI. XXXIV. figs. 34, 35.) 

Two valves ; suboblong, obliquely rounded in front, narrower and 

rounded behind ; anterior hinge- joint rather prominent ; surface 
coarsely reticulate, meshes stronger and straighter on the ventral 
region. This approaches the young forms of Cythere dictyon^ 
G. 8. Brady, ‘ Challenger Report,’ p. 99, pi. 24. Our specimens are 
named after the Rev. Prof. J. F. Blake, F.G.S., who has elucidated 
many Ostracoda of the Lias. 

11. Cythere Bradiana, sp. nov. (PI. XXXIV. figs. 38 o, 38 h.) 
Beven valves of a suboblong form, reticulate and costated; 

reticulation sometimes finer (fig. 38 «). The longitudinal meshes 
are developed into three or more subparallel ribs or ridges, joining 
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at the ends more or less completel)^ with considerable difference in 
their mode of convergence. Sometimes they meet at the ends of 
the valves, but in some cases run separately to one or the other 
end-margin. 

Cythere hermmlce, G. S. B., ‘Challenger Report,' p. 90, pi. 21. 
fig. 2, is one of the species having the same kind of sculpture. We 
name this fossil species after our friend Dr. G. S. Brady, F.R.S., 
whose careful and successful researches arc well known. 

12. CyTHERELLA ST7BOVATA, Sp. 110 V. (PL XXXIV. fig. 43.) 

Ovate- oblong carapace ; smooth, glossy, convex at posterior 
third ; broader (higher) behind than before. This is near the Cre- 
taceous C. ovata (Rdmer). 

13. Cytherella jugosa, sp. nov. (PI. XXXIV. fig. 44.). 

Valve depressed ; faintly ridged near the margin and almost all 
round, with an interval and a knob at the postero-vcntral region ; 
also bearing a low curv'od ridge and a little tubercle on the fiat 
medial area of the valve. There are approximations to this in 
Jurassic * and other Cytherellcv, but nothing exactly the same. 
6\ WilllamBoniana^ Jones, from the Chalk (Cret. Entom. 1842, pi. 7. 
fig. 26/) has something like the \)attern of 0, jugom, 

14. A broken Cythere ?, and a little peach-stone Cythere ? ; both 
obscure. 

MiscManea of § III. 

Small, tuberculate, claviform Echinoderm spine. 

A subcylindrical and a cylindrical roUed granule, obscure. 

Of the Microzoafrom the lowest stratum (§ III.) searched, namely 
at 1205 feet, some of the Eoraminifera (Xodosarians — FromUcularla, 
Yaginulina, Marglmdina^ Cristellaria) are small, and look like 
those of the Lias, but are not peculiar to it, being found in the 
Lower Oolite and elsewhere. Both these and the other Eoraminifera 
are of very wide range in time and space ; but one only {Crir,teUaria 
rotidata) is actually present in each of the little portions of strata 
from the three particular depths noticed in the boring; but its 
close ally, G. cidirata,ho.f^ turned up in two of them, § I. and § Jit. 

Ten out of the eleven Ostracoda are apparently hitherto unknown 
forms ; but they belong to well-known groups, and differ from 
others mostly in slight details. Cyiheridea suhimrforata comes also 
in § II., and Gythereis quadrilatera in § I. The Bairdim of 
§ III. are different from those of § II. 

In a general view of the Eoraminifera and Ostracoda obtained by 
Prof. Judd from the three special depths (§ I. 1145' 9" to 1146' 6" ; 
§ II. 1151' to 1151' 6" ; and § III, 1205') in the deep boring at 
Richmond, they do not present any very special characteristics 
recognizable as belonging to particular horizons. The Eoraminifera 

* For instance, Cytherella ulmensis^ Giimbel, Sitzungsb. Akad. Miiuohen, 
1871, p. 71, pi. 1. fig. *22. 

Q. J. G. S. No. 160. 
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comprise several common forms or varieties of Cristellaria, C, rotu- 
lata occurring in each of the depths alluded to. Small Nodosarinse 
occur in the lowest stratum of the three ; also Spirillina^ Pulvinu^ 
Una (of the elegans type), several small individuals of Planorhulina 
Haidingeri^ and vars., and one small Miliola, Some of the Fora- 
minifora are readily comparable with known Jurassic forms. 

Of the Ostracoda there are several forms not previously published ; 
and, for the most part, they differ in the three stages alluded to ; 
but one Cythere occurs in § I. and § II. ; one in § I. and § III. ; 
and a Cytheridea in § II. and § III. Some have alliances with 
known Upper Mesozoic species. 

Excepting a general Upper Mesozoic aspect, these limited groups, 
so far as yet examined, offer no special characteristic. 
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EXPLANATION OF PLATE XXXIV. 

y. 1. MUiola {Quii^mlocvlina), sp. x 40 diam. 

2. Lituola nautiloideay Lam., var. {Haplophragmium) depressa^ nov. X 25 

diam. 

3. Lagena IcBvis, W. & J. x 40 diam. 

4. FrondAcularia oolithwa^ Terquem, rar. regularise nov. X 25 diam. 

6. Vaginulina legumen (Linn.), var. IcBvigatae Riimer. x 25 diam. 

6. Marginulina ra'phanus (Linn.), x 40 diam. • 

7. Cristellaria (Marginuline var.). X 25 diam. 

8. crepidulay F. & M. x 25 diam. 

9. rotulatae Lain, x 25 diam. 

10. ctiltratay Montf. x 25 diam. 

11. . X 25 diam. 

12. SpirUUna helveiica, K. & Z. x 50 diam. 

13. crassa, Z. & K. x 50 diam.. 

14. Planorhilina Haidlngerie d’Orb., var. x 50 diam. 

16. , var. X 25 diam. 

16. farcta,, F. & M., var. x 50 diam. 

17a. Ptdvinulina elegans, d’Orb., var. tencllae nov. Upper face. 17ft. Edge 
view. X 25 diam. 

15. Bairdia Juddianae nov. Carapace, witU right valve upward. X 25 

diam. 

19. trigonalis, nov. Carapace with right valve upward. X 25 diam. 

20. Hilda, nov. Left valve. X 25 diam. 

21. jurassica, iioy. Carapace showing right valve. X 25 diam. 

22. , var. tenuis, nov. Left valve. X 25 diam. 

23. Macrocypris Bradiana, nov. Left valve, x 25 diam. 

24. Cytliere V tenella, nov. Carapace showing left valve. X 25 diam. 

25. Cytheridea suhperfomta, nov. Right valve. X 25 diam. 

26. • Carapace showing right valve. X 25 diam. 

27. Cythere Schwageriana, nov. Right valve, x 25 diam. 

28. suhconceutrica, nc.v. Right valve. X 25 diam. 

29. . Edge of carapace, x 50 diam. 

30. dmpacea, nov. Left valve. X 35 diam. 

31. Guemhcliana, nov. Carapace showing right valve. Small form. 

X 25 diam. 

32. . Carapace, edge view. X 25 diam. 

33. . Right vahc. X 25 diam. 

34. Cythere Blakeana, nov. Left valve. X 2.5 diam. 

35. . Ijeft valve, inside. X 25 diam. 

30, juglandica, nov. Right valve. X 25 diam. 

37, . Right valve, ventral edge, with outline of carapace. 

X 25 diam. 

38(j, Bradiana, nov. Right valve. X 25 diam. 

38ft. . Left valve, x 25 diam. 

39. Cythere {Cythereis) quadrilatera, 'Rom^r. Left valve. X 25 diam. 40 
Left valve. X 25 diam. 41. Right valve, x 25 diam. 

42. Cytherella. symmetrica, \\o\ . Carapace, left valve upwards. X 25 diam. 

43. suhovata, nov. Carapace, left valve upwards. X 25 diam. 

44. jiigosa, nov. Right valve. X 25 diam. 
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50 . On some Fossil CALCispoNCEs/rom the Well-poring at Richmond, 
Surrey. By George Jennings Hinde, Ph.l)., F.G.S. (Bead 
June 25, 1884.) 

[Plate XXXV.] 

Subsequent to bringing before the Society the description of the 
strata penetrated in the llicbmond well-boring, Professor Judd 
submitted to me for examination some small fossils of dubious 
character which had been met with in one of the hands of calcareous 
shale intervening between the beds of oolitic limestone at a depth 
of 1205 feet beneath the surface. These fossils were associated 
with remains of Brachioi)ods, Polyzoa, and other small organisms, 
and presented a similar asj)ect of fossilization, being throughout 
calcareous in composition. The exterior surface of these bodies 
exhibits a network of delicate fibres with minute interspaces 
resembling that of calci8i)onges of ZitteFs family Pharetrones. In 
several specimens the basal portion was covered with a delicate, 
more or less wrinkled membrane, and on close observation with a 
strong hand-lens minute three-rayed spicules could be seen here and 
there on the surface of this membrane. This fact, at once conclusive 
as to the real Sponge-character of these forms, was further supple- 
mented by the microscopic examination of transparent sections of 
the fibres, in which a spicular structure can bo readily detected. In 
all, about 45 examples of these bodies were found in the shale 
examined ; and an idea may bo formed of their small dimensions 
from the fact that the entire number can weU be contained in a 
tea-spoon. The smallest specimen measures only 2’5 millim. in 
diameter, and the largest 10 millim., or about two fifths of an inch. 
In respect to size they more nearly resemble their existing analogues 
than the Calcisponges hitherto discovered in Jurassic and Cretaceous 
strata ; indeed the relatively larger dimensions of these latter forms 
was brought forward as an argument against their calcareous origin 
by those who regarded them as altered siliceous sponges. But it is 
very probable that if the fossiliferous beds of Jurassic and Cretaceous 
strata were subjected to a similar careful scrutiny to that which has 
been given to the small quantity of material from this well-boring, 
they would be more frequently met with. As a fact, these small 
sponges have so unattractive an appearance that by the majority of 
collectors they would be passed over as small broken-up fragments 
of larger fossils. I do not think, however, that though so much 
smaller than the majority of Jurassic Calcisponges, these forms are 
either immature or imperfect. They show no evidence of having 
been transported to their present position, as the fibres are smooth 
and even, and the dermal layer unworn. 

For the determination of the minute structure thin sections of 
the different forms were prepared ; and though in some instances 
only a single example of a species could be spared for this purpose, 
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yet traces of the spicular composition of the fibres were recognizable 
in all, though not always sufficiently clear to allow of their being 
figured. 

Order CALCISPOlS^GIiE. 

Family PnABBTRONEs. 

Inobolia micula, Hinde, n. sp. Plate XXXV. figs. 1, 1 a-d. 

Sponges small, apparently free, round or irregular in outline; 
varying from 2*5 to 10 millim. in diameter. The outer surface 
presents, as a rule, only the smooth naked fibres, which are arranged 
so as to leave interspaces of an irregular form. In some examples 
the base and a portion of the lateral surface show traces of a smooth 
dermal layer. There are no indications of distinct canals, so that 
the circulation must have been wholly carried on in the interspaces 
between the fibres. 

The fibres are of a somewhat coarse character ; measured in a 
thin section, they vary from *14 to *25 millim. in thickness. They 
are composed of relatively large, three- and perhaps four-rayed 
spicules in the central and subcentral portions, with filiform slender 
spicules bordering the exterior of the fibre. The complete form of 
these border spicules cannot definitely be ascertained ; in one instance 
the spicule appears to possess three rays, but it is i)ossiblc that 
uniaxial forms may be present as well. The rays of the large axial 
spicules reach a length of *29 millim. by *05 millim. in thickness. 
The dermal layer is compact in character and ap])arently composed 
of three-rayed spicules of various dimensions ; the rays of these 
spicules overlap each other in an irregular manner. In one specimen 
the spicular rays are sufficiently clear to permit of measurement, and 
the largest seen is -21 millim. in length, thus corresponding in size 
to the axial spicules of the fibre itself. 

The examples of this species are by far the most numerous of any 
met with in the boring. They are very fragmentary in appearance, 
but the outer dermal layer shows that some of them at least are 
entire sponges. On the outer surface of the specimens the fibres 
are clearly shown free from matrix, but in thin sections they are 
see to be imbedded in a matrix of clear granular calcite, in which 
they appear as labyrinthic bands of a cloudy aspect. In these 
bands more or less clearly defined lines indicate the outlines of the 
spicules in the fibre ; but it is rare to find even an entire spicular 
ray in the plane of the section. Portions of two and, more rarely, of 
the three rays can be detected ; but in no instance can more than 
three rays be seen, though it is quite possible that some of these 
spicules may have possessed a fourth ray at right angles to the other 
three. The condition of the specimens also prevents any accurate 
determination of the proportionate length of the spicular rays ; but 
the transverse sections are circular. The rays may be either straight 
or curved, and they taper in some instances very gradually, in others 
rapidly, from the central junction of the spicules to the acute 
extremity. The form of the smaller filiform spicules in which the 



Tho absence of a cloacai tube and distinct canals brings this species 
under tbo genus Lwholia, which is founded on the characters of a 
sponge from the pea-grit bods of tlie Inferior Oolite at Cheltenham. 
In the tj^ical species, however, only the relatively large axial 
spicules of the fibre can be recognized, the rest of the fibre being 
crystalline, whilst in the present species the marginal spicules of 
the fibre have also been preserved. This species differs from 
/. inclusa in form and in its mucli smaller dimensions. 

Distribution, Jurassic : Kichmond, Surrey, 1205 feet beneath the 
surface. 

Peronella NANA, Hinde, n. sp. Plate XXXY. figs. 2, 2 a. 

Sponges small, simple, suhcyliudrical or inverted conical in 
form, probably attached by the basal extremity, the outer surface 
partially enveloped in a compact dermal layer. The type specimen 
is 5*2 millim. in length by 3*5 millim. in width, and the well-defined 
cloacai aperture at the summit is 1 millim. wide. 

The fibres, as seen in a transverse microscopic section, are 
relatively narrow, varying from *072 to *107 millim. in width ; the 
spicular structure is not clearly exposed in the section examined, 
but traces of three-rayed spicules can be detected. On the surface 
of the dermal layer three-rayed spicules are faintly shown. 

Only two examples of this diminutive species were met with, and 
one of these was used in preparing a thin section. Judging by the 
similarity in size of these two individuals, it seems probable that 
they had attained their normal dimensions. The fibres, as shown in 
tho thin section, are so crystalline that the spicular structure is 
largely obliterated, but it appears to be of a similar character to that 
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of the J urassio species Feronella mamillifera, Lamx., sp., and P. tenuis^ 
Hinde. By its simple form and small size this species is distinguished 
from others of this genus. 

Distiihution, Jurassic : Eichmond, Surrey, 1205 feet beneath the 
surface. 

Blastinia ceistata, Hinde, n. sp. Plate XXXV. figs. 3, 3 a, 6. 

Sponges small, sessile, hemispherical or conical in fonn, the 
convex upper surface furnished with a series of ridges or crests, 
some of which extend from the central portion of the summit to 
the basal margin, whilst smaller and shorter ridges are intercalated 
between the larger ; the base is usually concave and is formed of a 
compact wrinkled dermal layer with sharply defined margins. The 
largest specimen measures 0*5 milliin. in height by 4 millim. in 
width, and a small individual is only 3 millim. in height and the 
same in width. 

Xo central aperture or canals are present, and the upper surface 
only exhibits minute irregular apertures bounded by the fibres. In 
a horizontal transparent section the fibres aj)pear as narrow 
labyrinthine bands, from *05 to ’12 millim. in thickness, mainly 
composed of three-rayed spicules, the rays of which, in some cases, 
are nearly as wide as the fibre itself. Owing to the crystallization 
of the fibres, no trace of tlie smaller spicules, which probably 
surrounded the larger, can be distinguished ; on the dermal layer of 
the basal portion indications of three -rayed spicules can be seen 
with a favourable light. 

Four examples of this species were met with in the collection. 
In the largest and best-preserved the surface- ridges project strongly 
and sharply, so as to present a superficial resemhlanco to the septa 
of a coral, and the object itself calls to mind the small- ridged Folyzoa 
of the genus Defrmicla^ Bronn. In the smaller examples the surface- 
ridges arc less regular and not so definite as in the larger form. 

This species is much smaller than Blastmia costata, Goldf., sp., 
and is further distinguished hy the less regular arrangement of the 
surface-ridges and the concave form of the base. I have not had 
an opportunity of examining the minute structure of Goldfuss’s 
simeies, and cannot therefore make a comparison of tliis feature. It 
is interesting to note that the type of Blastmia costata is from the 
middle beds of the Jura-Kalk at Streitberg. 

Bistrihution, Jurassic : Kichmond, Surrey, 1205 feet beneath the 
surface. 

Blastinia PYGMm, Hinde, n. sp. Plate XXXY, figs. 4, 4 a. 

Sponges minute, sessile, depressed- conical in form, the upper 
surface smooth or with incipient ridges, the base concave, covered 
with a compact dermal layer. An average specimen is 3*5 millim. 
in width by 2*7 millim. in height. The upper surface exhibits 
circular and irregular apertures bounded by the fibres. 

In a transparent section the fibres appear as closely arranged 
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sinxious bands from *06 to *125 millim. in width ; the spicular 
structure is but obscurely shown, but it appears to correspond with 
that of the preceding species. 

This form mainly differs from B, cristata in having the upper 
surface either smooth or showing mere traces of projecting ridges ; 
the fibres also appear to be somewhat more closely arranged. Only 
a single specimen of this minute species was available for a thin 
section, and consequently but a very small surface of the fibre is 
shown ; but although the structure is largely obliterated, spicular 
rays can be distinctly seen. The matrix in the specimen examined 
is partially composed of iron pyrites. 

Distribution, Jurassic : liichmond, Surrey, 1205 foot beneath the 
surface. 


OcuLospoNGiA MiNUTA, Hindc, n. sp. Plate XXXV. figs. 5, 5 a, b. 

Sponges small, irregular in outline, apparently free. The upper 
surface is convex and exhibits an open mesh-work of fibres with 
sparsely scattered circular a])ertures of oscules, about *75 millim. in 
width. The base is concave and covered with a compact wrinkled 
dermal layer. An average specimen measures 7 millim. in width 
by 5 in height. 

In a microscopic section the fibres appear as loosely disposed 
sinuous bands from *08 to 1 *0 millim. in tliickness, composed for the 
most part of three-rayed spicules with their rays in the axial part 
of the fibre. Only fragments of the larger S 2 )icule 8 are recognizable, 
but it is probable that these Avere surrounded by smaller spicules, 
as in Sestrostomella, Faint markings of spicules can be seen in the 
dermal layer. 

The minute dimensions of the sponge itself and of the oscular 
canals characterize this species. 

Distribution, Jurassic : llichmond, Surrey, 1205 feet beneath the 
surface. 

Although from the fact that all the forms discovered represent 
new species, no decisive conclusion can be drawn as to the cor- 
relative age of the stratum in which they occur, yet the general 
facies of those sponges approximates closer to Jurassic than to 
Cretaceous forms. Of the four genera represented, Blastinia and 
Inobolia are exclusively Jurassic, whilst the other two, Peronella and 
Oculospongm, are partly Jurassic and partly Cretaceous. It is true that 
no great importance can be attached to the evidence of these sponges 
as to the relative position of the stratum in which they occur, but 
from the fact that Blastinia eristata is closely allied to a sponge 
from the middle Jura-Kalk of Streitberg, and that Inobolia mic'ida 
is referred to a genus hitherto only known from the Inferior Oolite 
of this country, it is probable that they belong rather to ^he middle 
or lower portions of the Oolitic series than to the upper. 

The presence of calcareous sponges may be taken, as a rule, to 
indicate that the beds in which they occur have been deposited in 
comparatively shallow water. That this rule, however, is not 
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)Tit exception, is shown by the fact that many of the calcareous 
jes discovered by the Challenger Expedition are from depths of 
uo 150 fathoms, and one species occurred at a depth of 450 
ms. 


EXPLANATION OF PLATE XXXV. 

1, \a-d. Inoholia micula^ Hinde. 

1, An average spocimon, natural size. 

1 a. The same, enlarged four times, showing tlie disposition of the fibres 
on the surface. 

1 6. A portion of the interior fibre, enlarged twenty-eight times, showing 
traces of the component spicules. The fibres are imbedded in a 
matrix of crystalline calcite, in winch are grains of iron -pyrites. 
Drawn from a transparent microscopic section. 

1 c. A small portion of the interior fibre, enlarged seventy-five times, 
showing a large threo-rayod axial spicule, and the minute filiform 
spicules surrounding it. 

\d. A portion of the dermal layer, showing some of its component spi- 
cules, enlarged Iwcnty-oight. times. A portion of the surface-fibre 
is shown in \he upper part of the figure. Drawn by reflected light. 

2, 2a. Peronella nana^ Hinde. Natural size and enlarged four times. 

3, 3 a. Blasfinia cristata^ Hinde.* Natural size and enlarged four times. 

3 A The sa.7ne. A portion of the interior fibre, enlarged twenty-eight 

times. Drawn from a transparent microscopic section. 

4, 4 a. Blastinia j^ygmcBa^ Hinde. Natural size and enlarged four times. 

5, da. Oculosfyongia minuta, Hinde. Natural size and enlarged four 

times. Showing the disposition of the fibres and the oscules. A 
small Serpula is attached to the surface of the specimen, 

6 h. The same. A portion of the interior fibre showing the component 
spicules. Enlarged seventy-five times. 

?he specimens are all from Jurassic strata i^enetrated in the well-boring at 
bmond, Surrey, at 1205 feet beneath the surface. 
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51. PoLTzoA (B^Yozok) found in tlie Boking at Bichmond, Surbey 
referred to hy Prof. Judd, F.R.S. By George Bobert Vine, 
Esq. Communicated by Prof. Judd, E.B.S., Sec. G.S. (Bead 
June 25, 1884.) 

The following notes are essentially tbe same as those originally 
supplied to Prof. Judd under tbe circumstances mentioned in bis 
paper. With bis permission I have extended my remarks, not for 
the purpose of correcting previous identifications, hut because fresh 
materials have been placed at my disposal. These, I found, merited 
a closer comparative study than I had given to the series, and in 
preparing my observations for publication it was necessary to bring 
tbe results of my investigations up to the level, as far as was pos- 
sible, of tbe palceontological work of the present day. 

Many of the forms may be considered identical with those 
described by Jiiles Ilaime ^ and Prof. Brauns f : and I was inclined 
to place certain species under the names, and to accept the sjmo- 
Tjyms, of these authors. A reference, however, to the writings of 
Ilaime and Braun compelled me to reconsider my vaguely formed 
intention, after which I reworked the whole of the species and 
varieties found in the Bichmond series — one of the most important 
local scries that has ever been brought under my notice. Of course, 
in my mode of woiking T may appear to differ from Jules Haime 
in appreciation of certain forms. This is not the fact; for I feel 
convinced that this candul paleontologist must have had many 
mental forebodings before ho arrived at some of his conclusions. 
This is especially apparent in his dealing with the Syiropora group, 
and also with the genus Terehellaria. In working up these groups — 
and here the value of the boring-washing is immediately ajjparent — 
I have endeavoured to settle, or at least siinidify, many moot points. 
If any doubt about this should exist in the mind of the palaeon- 
tologist after reading those notes, I refer him to the paper of E. D, 
Longe, E.G.8., “ On the Belation of the Escharoid Forms of Oolitic 
Polj^zoa to the Cheilostomata and C 3 xlostomata' ’ J. In this special 
paper he will find, in spite of a splendid collection of Pol^^zoa from 
the Lower Oolite of Cheltenham, how difficult the specific study of 
forms has been to a really painstaking student. The reason is plain. 
In the whole of the Jurassic formation we have varieties of forms 
related, but not closely so, to forms now placed with the Chilosto- 
matous Polyzoa. Those, however, are not members of that group, 
though they may be considered in the light of relationship if 
external cell-structure is the only consideration on the part of the 
student. There are, however, strong reasons for believing that the 
“ evolutionary beginnings (if I may be allowed to express myself 

* “ Bryozoaires foss. de la formation Jurassique” in M6m. Soc. G6ol. France, 
B6r. 2, tome v. pp. 157-218 (1854). 

t “ Die Bryozoen des mittleren Jura der Gegend von Metz,” in Zeitschr. d. 
deutsch. geol. Ges. Bd. xxxi. pp. 308-338 (1879). 

} Geol. Magazine, Jan. 1881. 
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thus) of the Chilostomata originated in early Jurassic times. The 
Eichmond series of Prof. Judd, and the less remarkable series pro- 
cured from the boring for water in connexion with Meux’s Brewery, 
referred to by Mr. C. Moore, of Bath *, have enabled me to study 
and compare the Polyzoa from two horizons, both of which are 
Jurassic. Mr. Moore’s collection of spocilic forms, however, is not 
so well preserved as the llichmond scries, but still I have been able 
to arrive at a i)artial conclusion respecting their ago ; although I do 
not consider my c^ddence on this point so conclusive or satisfactory 
as on the Eichmond forms. Mr. Moore believed that his material 
was derived from Neocomian rocks. I cannot accept this opinion, 
judging from the Polyzoa alone. The Sfomatojjoni dichotoma 
(l/il4) is the same as the form described in this paper ; the DiastO’- 
pora dilvmana (1/36) is the same as the Great-Oolite form ; so also 
is the D. microstoma (1/27) ; the Idmonea triquetra (slide 1/27) is 
more robust, but it is not related to any Neocomian Idmonea known 
to me ; and the Entalophora (1 /31 ) is closely related to some of the 
more delicate forms of E. rklimondiensis of this paper, while Terehel- 
laida ? increscens and Licliemj>ora (in bottle 1 /36) are the same as 
species found in the Bradford Clay and Cornbrash. There is, how- 
ever, one fragment (1 /33) in Mr. Moore’s collection that T have 
never, as yet, met with elsewhere. This appears to be a minute 
portion of one of the bundles of Fasdculipora Waltoiii, Haime. 
The apical ceU-openings are large, circular, and surrounded by 
peristomial ridges. These are separated from neighbouring cells by 
a very delicate interspace. This species Haime gives, on the autho- 
rity of Mr. Walton, from the Great Oolite, Hampton Cliff. There 
are a few forms {Hete'^ opora^ sp.) which seem to be related to 
Neocomian species. • 

This closer study of Lepralia- and Eschara-Yiko forms which 
Mr. Longe compares with the old Eschar a foliacea of authors, has 
proved to me how insufficient mere growth and outline are in deciding 
the question as to the zoological position of a group. It may be 
that the Terehellaria increscens now described belongs rather to the 
Chilostomatous than to the Cyclosiomai-ous group, but the peculiar 
shaxie of the ococia of this species seems to point in the opposite 
directiont. It is impossible to dogmatize on moot x)oints of structure 
like this. It belongs to us to lay the foundation in good honest 
work ; it remains for future systematists to say where or how groups 
shall be placed. 

* I am indebted to Prof. Judd for obtaining for me an examination of this 
series. The specimens are the property of the Bath Museum. 

t One of my principal reasons for refusing to believe that these Eschar a- and 
Le'pralia~\\k!^ cells are “closely^’ related to the Chilostomata is this: — When- 
ever I make a section of a cell of any of the forms from the Jurassic rocks, I 
invariably find that the cell is tubular, in s^iite of its peculiar external shape. 
Whenever we are dealing with a true Chilostomatous t3q)e, whether from file 
Cretaceous or Oainozoic rocks, or recent, no indication of a tube is present, 
at least so far as I am acquainted with sections. There is, however, in 
the Jurassic Terehellaria increscens a large development of the distal part of 
the cell at the expense of the proximal, and the thinner the incrustation the 
broader will be the superficial area of the cell. 
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Richmond 

slides. 

Meux. 

Known Horizon, 

1. 

Stomatopoka, Broun, 
dichotoma, Lamx 

1 

1/34 

Bradford Olay &c. 

2. 

Waltoni, Haww 

2 

Bradford Olay &c. 

3. 

Diastopora, Milne-Edw. 
diluviaua, Lamx 

3 

1/36 1/27 

Great Oolite &c. 

4. 

microstoma, Mich 

4 

1/27 

Great Oolite &c. 

6 . 

6. 

var. connectens, Vine 
Lamourouxii, Haime . . . 

4^ 

.5 

Great Oolite &c. 

7. 

Idmonea, Lamx. 

triquotra, Lamx 

6 

1/27 


8. 

Entalopiiora, Lamx. 

Btraminea, Vhill 



Great Oolite. 

9. 1 

richmondiensis, Vine... 

8 

1/31 ? 

Allied to Forest 

10. 

, var. pustulo]iora, V. 

9 

[Marble species. 

11. 

Terebellaria (rcsiricied) 
incresociis, Vine 

10 

*? 

Allied to CornbraBh 

12. 

Lichen oroRA ? 

Phillipsii, J.H. 

IIeteropora, Blainv. 

conifera, Lamx 

11 


[sp. 

Great Oolite. 

13. 

12 ' 

y 

Inferior and Great 

14. 

? Fasciculipora, jy Orb. 
Waltoni, Haime 


* 

[Oolite. 
Great Oolite. 


1. Stomatopoka dtchotoma, Lamx. Fig. 1. 

Alecto dichotoma^ Lamx. Exp. moth, dos Pol. 1821, tab. 81. figs. 
12, 13, 14. 

Aulopora dicJiotoma, Goldf. Petr. Germ. p. 218, pi. 65. fig. 2 ; 
Jules Haime and authors generally. See Haime’s Jurassic Bryozoa, 
for B*ynonyms &c. 


Fig. 1. — Zooecia of Stomatoptora dicliotoma^ Lamx., 
typical form. Enlarged. 



This beautifully delicate species is j)resent in the Richmond 
material, but verj^ rare. It will be seen that the linear cells, as 
figured by Goldfuss, are characteristically simple. One specimen 
adherent to a piece of shell is well preserved, though fragmentary. 
In Mr. Charles Moore’s specimens from Meux’s Brewery boring 
(1/34) a fragment of three cells shows the delicately punctured 
surface. 

Richmond series, Prof. Judd, slide 1 j C. Moore’s series. No. 1/34, 
Bath Museum. 
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Horizon and locality. Great Oolite, Caen, on Terehratula ; Bath 
( William Walton) ; also at Hampton Cliff; and Bradford Clay (J, 
Haime), 

2. Stomatopora Waltoni, J. Haime. Fig. 2 a, 6. 

Stomatopora Waltoni^ Haime, Bryoz. Foss. Form. Juras. 1854, 
pi. vi. f. 2; Vine, Brit. Assoc. Bep. Foss. Polyzoa, 1882, p. 251. 

Fig. 2. — Cells of Stomatopora Waltoni^ J. Haime. Enlarged. 



a. Normal arrangement of cells, b. Basal colonial growth with ooecium. 

This is a very variable species, and I was tempted to give some of 
the forms, at least, the varietal name “ producta/’ on accoimt of the 
cells being much produced at the distal extremities (fig. 2, a). In 
some of the specimens this feature is very prominent (slide 2 a) ; but 
as it is characteristic of the Bradford-Clay Stomatoponv generally, I 
think that it would bo unwise to increase ihe already too abundant 
difficulties of the pahuontologist. It may bo well, therefore, to give 
the following diagnosis, woi'kod up from a fine scries of specimens. 

Zoariim irregular, branches free, and sometimes anastomosing. 
Zooecia elongate, produced at the distal extremity of the cell ; orifice 
circular ; peristome thick and slightly contracted, giving to the coll 
a bulg}' appearance in some specimens just below the orifice ; tubes 
finely punctured. Oweia a distended cell, very bulgy in the middle, 
sometimes single, occasionally in clusters. 

Bichmond scries, Prof. Judd, slides 2 a, c. Hot represented 
among Mr. Moore’s specimens. 

Horizon and locality. Great Oolite, Kidlington, S. dichotomoides 
type. Intermediate between the Inferior- and Great-Oolite species. 
S, Waltoni (typical), Bradford Clay and Cornbrash. Mr. Walford 
quotes Forest Marble (local work). 

3. Diastopoka diluviana, Lamx. 

Berenicea dilimuna, Jules Haime, Bryoz. Foss. Form. J'uras. 
pi. vii. f. 2, 2 a. 

? Diastopora diluviana, Vine, Brit. Assoc. Bep. Foss. Pol. 1882, 
p. 256. 

I have not given in the above the several synonyms or references 
which Haime places under the name. In my own Beport the 
form referred to, as peculiar to or characteristic of the Inferior-Oolite 
series, may be referred to again as H, pellucida. The present 
forms are characteristic of the Great-Oolite series, and are well 



788 


G, E. VINE ON rOLYZOA (bETOZOA) FOUND IN 


shown in figures in Haime’s Monograph. The following diagnosis 
of the Bradford-Clay species is drawn up from some very fine spe- 
cimens. 

Zoarium incrusting, very irregular. Zooecia partially immersed, 
closely compacted, covering large spaces on shell and stone ; orifice 
of cell circular, slightly raised ; lip prominent, but not what may 
he called protruded ; tubes finely punctured. Oceda consisting of 
a distended cell or of several cells, but not so characteristic as in 
D, ventricosa^ Vine. Colony originating with a primary cell, as- 
suming a flabellate, and ultima tcl)^ an irregular, outline. Barely 
discoid in its matured or nearly matured growth. 

Richmond series, Prof. Judd, slides 3 h, c. C. Moore’s (Meux 
Brewery), 1/3G ; slides M. 1/27 &c., 1/29 a, h. 

Horizon and locality. Great Oolite, environs of Caen {Ranville ) ; 
Bradford ; Ardennes \ j. H.) ; “Bath Oolite.” 

From the latt(ir locality 1 had a large specimen, incrusting shell 
(Mr. Shrubsole’s cabinet) ; but the cells of these are less robust than 
in tbc Riclimond and Bradford-Clay forms. Tbe only locality I bad 
was “ Batb Oolilo — from the neigbbourbood of Batb.” Mr. Moore’s 
specimens are more closely allied to this form than to those from 
Richmond. 

In some of the specimens from the Richmond horizon there is a 
slight dcjparture from the normal type, caused by peculiarities of 
habit ; but as 1 cannot detect any departure from the characteristic 
cell-features, 1 have preferred not to give any new names to these. 
The slides are marked 3 d and 3 e. 

4. Diabtopoea microstoma, Michelin. 

Berenicea microstoma, Haime, op. dt. pi. vii. figs. 3 a-d. 

1). microstoma. Tine, Brit. As. Rep. 1882, p. 256 ; Haime gives as 
synonyms D. undulata, of both Michelin and D’Orbigny. 

The five slides that 1 have mounted of this form show, I think, the 
characteristic features of this species. That marked 4 a may very 
well serve as a tj^pe of I), undulata, but this conception of character 
would be erroneous. As in I), ventricosa, Yine, and some specimens 
of D. diluviana, Lamx., there are several ooecia in the colony, and 
the bulgy appearance of those causes the undulations noticed by the 
respective authors. Another point of interest is that the general habit 
of the species is a proliferous one, one colony overlapping another, 
or striking off from the marginal rim of some bulky specimen, and 
then helping to cover the parent colony. The separation of the 
cells, too, in this species is very distinct, appearing as mere exten- 
sions of the peristome, while the remaining parts of the tubes are 
undistinguishable or nearly so. It is this species — or an ally of this 
species, for it may be wise at some future time to separate them — 
that forms incrustations on the stems of Entaloplwra, producing 
that peculiar spiral character which is generally regarded by authors 
as TereheVaria. I have traced the form through a series of spirals, 
beginning as a mere point, and then increasing in size until very 
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bulky zoaria are produced ; and I have noticed the same features in 
a species on Entcilophora from the Greensand of Haldon Hill. 

Richmond series, Prof. Judd, slides 4 a, 6, c, d, e. C. Moore’s 
(Meux Brewery), slide M. 1/27 ; poor specimen. 

Locality and horizon. Ranville; Great Oolite, Hampton Cliff; 
my own cabinet, from Bradford Clay. 

5. Diastopora microstoma, Michelin, var. connectens (n. var.). 

Zoarium irregular and occasionally proliferous. Zooecia varpng 
in character, sometimes only the peristome visible above tho sur- 
face, at other times slightly decumbent, separated by interspaces, 
roughened by lines which appear to connect the peristomes of cell 
and cell ; mouth circular, lip (normal) thick ; cell bulging imme- 
diately below the mouth ; proximal part of the tube rarely visible. 

Richmond series, Prof. Judd, slide 4% : type. 

On account of the peculiar way in which the cells of D. micro- 
stoma are separated in the zoarium, 1 prefer to place this form as a 
variety of that species rather than any other. 

6. Diastopora Lamourouxi, J. Haime. 

Diastopora Lamonrouxi^ Haime, op. cit. pi. viii. figs. 1 6. 

D. foliacea (pars), Bronn ; Blainville. 

There are in the Richmond washings a great number of specimens 
of Diastopora having a very robust habit. I do not think that 
these can be placed under any of the species of Bt'renicMi given by 
Haime in his Monograph of the Jurassic Bryozoa. There are, how- 
ever, in his Group of Di \s”opores simples two species, one D. La- 
mourouxi and the other D. IValtoni^ the latter from the Inferior 
Oolite of Cheltenham. The Richmond species is closely allied to 
D. Lamoicrouxi^ if not identical with it. 

If I am right in identifying this robust form, I can only say that 
T have not previously met with it as a British fossil. The specimen 
figured by Haime has tlie cells long and tubular, with a circular 
mouth, and the peristome slightly raised. These are the charac- 
teristic features of the specimens under consideration. 

The synonymy of Diastopora foliacea, of Lamouroux, Bronn, and 
Blainville, has been well discussed by Prof. Brauns in his able paper 
on the Bryozoa of the Middle Jurassic of Metz, 1879, and he justi- 
fies the separation of D. Lamoarouxi on the ground of its simple 
habit, and also on account of the circular peristome. Elea foliacea 
is a distinct operculate form, from the Inferior Oolite. 

Richmond series. Prof. Judd, slides 5, ba. Not present in C. 
Moore’s series. 

Horizon and locality. Great OoHte, Ranville (Eudes Dtslong- 
champs). 

Idmonea, Lamouroux. 

Beptotvhifjera (pars), D’Orbigny. 

When writing my Brit. Assoc. Rejiort Boss. Polyzoa, Jurassic 
Q. J.G.S. No. 160. 3 G 
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species (1882), I was not acquainted with the Jurassic Jdmonea 
triquetra^ Lamx. In these llichmond washings, and also in Mr. 
Moore’s collection, fragments are present, though not common. 
Before, however, 1 pass on to describe the Itichmond form, it may 
be well to make a few remarks upon the genus. 

I have not been able to refer to Lamouroux, Exposition Methodiqiie, 
1821 , in which this genus is described ; I will therefore accept the de- 
scription given by Mr. Busk, Crag IMyzoa, p. 104. In this diagnosis 
Mr. Busk says — “ Mouths of cells disposed in parallel, transverse, or 
ob]i(jue, usually alternate, rows on each side of the front of the 
branches, which is angular or carinate in the middle.” There can 
l)c no objection to this (lc8cri]>tiou of a well-marked type of struc- 
ture. When, however, we comj)are the Jurassic i. triquetra with 
some of the more tubular Jdinonew of the Cretaceous epoch, a very 
marked difference is observable ; and it is because of these ])ecu- 
liaritics that I wish, now that I have the opportunity, to direct special 
attemtion to Jurassic forms. 

In Miss E. C. Jelly’s collection from the Inferior Oolite (no locality 
given) there is an adherent specimtm, having all the characters of 
Jdmonea as given by Busk (and presumably by Lamouroux), except 
that it is “ adherent ” instead of “ ramose.” I believe that if students 
would direct their attention to s])ecimens of this Inferior-Oolite 
form, it would be found that fiom the decumbent branches uj)rigbt 
ramose branches are formed. However this may be, it seems to be 
a fair conjecture that from this Inferior-Oolite Bj)ecies the Kich- 
niond form is developed. The i)eculiar character of the cell is not 
unique on branches of this species, for in some of the Enialojdior(e, 
from both the Inferior Oolite and the Great Oolite, a similar form of 
cell is found. I have no desire uiider present circumstances to 
speculate as to tlie origin of distinct- groups, otherwise than to 
remark upon the a])parently characteristic “ facies ” of species of 
Bolyzoa from the various horizons of the Jurassic rocks. In this 
j)apcr I have been careful in describing the Itichmond series for this 
special purpose. 

7. Idhonea TiuarETRA, Lamouroux. 

Jdmonea triquetra^ Lamx. Expos. Meth. p. 80, 1821 (Busk). 

Zoarkim (decumbent ?) or ramose ; branches triangular, having 
an inferior side (back) rather broad and free from cells, and two 
other sides which rise from the inferior, forming an apj)arently, rather 
than really, caiinated front. Zoaria forming obliquely linear or 
transverse rows; mouth circular; i)eristomo thick and slightly 
protruded ; tubes densely punctate. Ooecia formed by the clustering 
of certain cells, over some of which there is a closure-like oj)erculum. 

llichmond series, Prof. Judd, slides Oa, 6, c. C. Moore’s series 
(Meux Brewer}’), slide 1 /27 &c. The specimens on this slide are 
much more bulky than those in the llichmond series. 

In comparing /. fenestrata. Busk (Crag Polvzoa, p. 105), Mr. 
Busk makes certain remarks which seemed sufficient to guide him 
in the separation of his species from the Jurassic 7. triquetra. 
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There is a difference between the two forms ; and I am glad that 
they are kept distinct. 

8. Entalophora straminea, Phillips. 

Millepora straminea^ Phill. Geol. of Yorksh. (ed. 1829), p. 149, 
pi. ix. fig. 1. 

Spiropora straminea^ Haime, op. eit. pL ix. fig. 6. 

Entalophora straminea, Prauns, Bry. mittl. Jur. Metz. 

Spiropora straminea. Vine, Brit. Assoc, llep. 1882, p. 12 of 
Rep. 

Phillips gives the horizon of his species as “ Bath Oolite,” and 
quotes several localities in which it is found. 

As the individual sj^ecimens that I placed under the above name 
are the most abundant of the Jurassic forms from Richmond, and 
as there seems to be great confusion among authors respecting 
Phillips’s type-species, 1 think it far wiser to separate and limit 
the various forms. And I do this for two reasons : — 1. In my 
notes on the specimens sent to mo by Prof. Judd, and under the 
circumstances mentioned, 1 gave, after a careful examination, three 
names — E. straminea, Phill., E. hajocensis, D'Orb., and E. ccespitosa, 
Lamx. Judging by cell-character, all three of these species are 
present in the material obtained from Richmond ; but the three 
cell-characters are as often on a single specimen as on several ; and 
for this reason alone a confusion must always follow careful work, 
if the old names bo persistently retained. 2. Then, again, my 
friend Mr. Walford identifies a PVrost-Marble species with Spiropora 
ccespitosa, Lamx. Now this P'orest-Marble form is identical, or as 
nearly so as possible, with the Richmond forms, only much more 
bulky in zoarial growth. Then both K. straminea, Phill., and E. 
ccespitosa, Lamx,, are assigned to two horizons — Inferior and Great 
Oolite. 

Fig. 3. — Portion of the zoarium of Entalophora ricJimondiensis, 
showing the typical arrangement of the cells. Enlarged. 



a. Natural size. 


9. Entalophora richmondiensis (n. sp.). Fig. 3. 

Zoarium ramose, bifurcating, rarely, if ever, anastomosing ; 

3g2 
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branches varying in size from to inch in thickness, bul- 
ging at the nodes immediately beneath the bifurcation, where 
the measurement in breadth is about three quarters of a line. 
Zocecia disposed all round the branch in obliquely linear or trans- 
verse series, occasionally irregularly placed on the branch ; about 
seven cells to the line in a longitudinal, and ten cells to the line- 
in the direction of the zooeeia, whether oblique or transverse ; 
mouth circular ; peristome distinct, slightly tufted or raised above 
the general surface of the branch; cells tubular, punctate, and 
bounded by their own walls, occasionally produced on the margins 
of the branch. Ooecia a clastering of certain cells, some of which 
are covered by a solid opercular lid. 

Richmond series, Prof. Judd, slides 8 a~d» Not represented in 
C. Moore’s series, but 1/31 is closely allied. 

I regard as allies of this species the British Great-Oolite form of 
Sjiiropora stramiuea, Phill. (Haime, op. cit. pi. ix. fig. 1 ; Phill. 
Geology of Yorkshire), the S. ccpspitosa^ Lamx., from the Bradford 
Clay and Forest Marble, and the Hampton Cliff specimens of S, ha- 
jocensis. The S, hajocensis from the Inferior Oolite is related to this 
group ; but it difiers in certain peculiarities of structure from the 
forms indicated above. 

It may be well now to direct attention to some specimens 
forms of incrustation called by authors Terehellaria, which cover 
a thin layer of growth colonies of Enialophora riehmondiensis^ 
mimic the various outlines of its surface. This form, which 
be presently considered, has a very difierent cell from that of the 
Enialophora described above; and I cannot help expressing my 
opinion that the character of Biastopora ramosisdma (Haime, 
pi. ix. figs. 3 a, b) has been drawn up from a specimen of Entalo- 
phora obscured by a colonial growth of T, increscent, Nine, and that 
the species itself has been much misunderstood by authors who have 
not entered so minutely into details as I have been compelled to 
do with these Richmond fossils. I have in my cabinet specimens 
of the species described by Haime from the Forest Marble and also 
from the Bradford Clay and Combrash series, and upon the study of 
these I found the opinion now expressed. It is quite possible, 
too, that some of the specimens included under T, incresc^ns may be 
regarded by other authors as Biastopora ramoiiissima,W Orb. 


10. Entalophoba eichmondiebsis, Vine, var. pustulopora. 

It may be well to note the peculiar characters of colonial growth 
in this series, and to distinguish the forms by a varietal name. I 
regard these as the early stages of E. richmondiensis ; but the habit 
somewhat approaches that of Pustulopora clavata, Busk (Crag 
Pol. p. 107, pi. xvii. fig. 1). 

Richmond series. Prof. Judd, slides 9 a, b, c. Early and advanced 
stages of growth. 
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Fig. 4 . — Terehellaria (?) increacens^ Yine, 



a. Branch of EntalopJiora incrusted with Terebellaria^ incre6(Xtis in two 
patches ; Bradford-Olay specimen. 

b. Portion of colony at x enlarged, 

c. Portion of colony with ooecium enlarged. From Cornbrash specimen. 

11. Terebellaria (?) INCRESCENS, Yino. Fig. 4. 

T, ramosissimay Yine, Brit. Assoc. Eep. on Foss. Polyzoa, 1882, 
p. 254. 

? Diastopora ramosissima, Haime (pars), Juras. Bry. pL ix. 
figs. 3a, h. 

Zoarimn a thin ribbon -like layer of cells growing upon foreign 
bodies, or coiling itself upon its own previously formed zoaria, ulti- 
mately assuming a spiral, ramose, dendroid, or massive form. Zocecia 
slightly elongated (or distended), sometimes disposed in spiral lines, 
but rather more distended at the distal than at the proximal part of 
the cell ; orifice circular, occasionally semicircular ; peristome thick ; 
front of cell finely punctured. Omcium an enlarged globose cell, 
having beneath the orifice a semicircular cluster of punctures defi- 
nitely arranged. 

The above diagnosis, with but very slight alterations, was drawn 
up from a series of forms from different horizons : Bradford Clay, 
Forest Marble, and Cornbrash. There are some features, such as 
the ocecia, that I have not found as yet in the Kichmond forms, 
otherwise the rest of the diagnosis has been checked off as descrip- 
tive of specimens in the present series. It appears to me that it 
would be advantageous to science if the name Terehellaria were 
suppressed, but, seeing that the whole of the typical features have 
been found growing upon what passes for Terehellaria of authors, 
especially from the horizons given, I have thought that it would 
answer my purpose if I just placed a [?] between brackets after the 
generic name. 

Eichmond series. Prof. Judd, slides 10 a, 6. C. Moore’s series : 
one poor specimen. 

Eange of this peculiar ceE-structure : Inferior Oolite, Mr. Longe’s 
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collection; Bradford Clay, Forest Marble, Cornbrash. My own 
cabinet. 

This species is an incrusting one, and as such it has no special 
form otherwise than that given to it by the shape of branches &c. 
upon which it grows. 

12. Lichekopora PniLLiPsn (?), Haimo, op. cit. pi. x. fig. 10. 

One fragment only, which T jdace doubtfully in this genus, and 
as but one form of it is known in the Great Oolite, as a repre- 
sentative of this species. It may, however, belong to the genus 
which Haimo retains as Ajimuhsia^ Lamx. 

Kichmond series. Prof. Judd, slide 11. 

13. Heteropora cokifera, Lamouroux. 

IL conifera, Lamx., llaime, op. cit. pi. xi. fig. 1 a-c. 

It is useless to give the variety of synonyms of this species as 
given by Prof. Brauns. It will be necessary to have sections of the 
forms })cfore any details of structure arc supplied. The student of 
this peculiar species will find ample references to typical structures 
on reference to Prof. Nicholson’s paleontological works ; but no 
definite conclusion respecting its classifieatory position has as yet 
been arrived at. 

Bichmond series, Prof. Judd, slide 12rt, h, c, C. Moore’s collec- 
tion. 

Horizon and localitij, Haimo gives Inferior and Great Oolite. 
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52. On the Structure and Affinities of the Pamily of the Hecep- 
TACULITID^, includniff therein tJie Genera Ischadites, Murchison 
( = Tetragoni8, Bicliwald); Sphjkrospongia, PenyeVy; Acan- 
THOCHONiA, yen, nov , ; and IIeceptaculites, Def ranee. By 
George Jennings Hinue, Ph.B., P.G.S. (Bead June 25, 1884.) 

[Plates XXXVL, XXXVIL] 

Contents. 

I. Introduction. 

IF. Mineral Strueture and Aspect under different Conditions of Fossilization. 

III. Characters of the differ 

IV. Affinities and Hysteinat c Position. 

V. (Tcolo^ical Distributioi . 

VI. Genera not belonging t the group, but usually included therein. 

VII. Kevision of the ^Species. 

I. Introduction. 

Amongst the PaUeozoic fossils whose chtiracters differ to such an 
extent from those of existing; org;anisms that great differences of 
opinion as to their affinities have been cxjrresscd the various 
palteontologists who have studied them, tlie abovo-named genera 
occupy a prominent ])osition. They have been assigned in turn 
to pine-cones, Foraininifera, S])onge8, Corals, Cystid('ans, and Tuni- 
cate Mollusca ; but after all that has been written on them, 
such competent authorities as Ferdinand Itiimer * and Zittelf 
agree in stating that they form an altogether uncerlain group of 
organisms, which, though ranged provisionally amongst the Foraini- 
nifera, have hardly a single typical character in common with 
them. Under these circaimstances a fresh attempt to interpret 
their structure will not he inaf)propriate ; and though the new facts 
which I have to bring forward do not make any very important 
additions to those ascertained by previous students of the group, 
they at least furnish, in my opinion, striking evidence in favour of 
the affinity of these forms to Sponges. This relationship has already 
been strongly advocated by the late Mr. Billings t ; aod though the 
basis of comparison which he instituted between the structure of 
Keceptacidites and the gemmulac of freshwater sponges cannot now 
be maintained, yet in regarding the former as a sponge, Mr. Billings 
showed, in my opinion, a clearer insight into its systematic position 
and structure than later authorities, such as Prof. Giimbel and Dr. 
Dames, who have ranged it with Foraminifera. 

The materials which have served as the foundation for the fol- 
lowing observations have been derived from several sources. First, 
the collection in the British Museum of Natural History, of 
which a list will be found in the ^ Catalogue of the fossil Forami- 

* Lethaea Pal. 1 Th. p. 285. t Handb. der Pal. 1 Bd. 1880, p. 727. 

J PaL Fossils of Canada, vol. i. 1865, p. 388. 
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nifera’ by Prof, Rupert Jones. It includes several species of 
Beceptaaulites from the Silurian strata of the Baltic, Canada, the 
United States, and the Arctic regions, also from the Devonian of 
Belgium ; Ischadites Kcenigii, from the West of England aind Got- 
land ; Sphcerospongia tessellata^ from Devonshire ; and specimens of 
a new genus, Acanthochonia^ from the Silurian of Bohemia. For 
the opportunity afforded me of studying this collection, I beg to 
express my thanks to the Keeper of the Geological Department, Dr. 
Henry Woodward, F.R.S. Next, a splendid collection of nearly 
150 specimens of Ischadites, from the Silurian strata of Gotland, 
which have been freely placed at m 3 ' disposal for examination by 
Prof. G. Lindstrdm of Stockholm, to whom 1 feel under great obli- 
gations for thus enabling me to study specimens in excellent preser- 
vation. Further, Prof. F. Eomer generously sent me from Breslau 
a small collection, including figured types of Eeceptaculites from 
Devonian strata at Oher-Kunzcndorf in Silesia. My thanks are also 
due to Prof. M/'Kenny Hughes for the opportunity of studying the 
collection in the Woodwardian Museum at Cambridge ; to Mr. J. F. 
Whiteaves, F.G.S., for specimens of Eecejitaculites from Canada ; 
and to Mr. A. Champcrnowne, F.G.S., for an example of the same 
genus from Devonshire. In the Museum of the Society I have 
studied the t 3 'pe specimen of IscliadiUs Kcemqii, Murch. ; and in the 
Museum at Jermyn Street, I have, through the kind permission of 
the Director-General of the Geological Surve}", examined numerous 
examples of Ischadites and the type specimen of ISphcerospongia tes- 
sellata, Phill. Lastly, 1 have made use of specimens collected b)^ 
myself from Silurian and Devonian strata of Canada. 

A short historical sketch of the ])rincipal notices which have 
appeared rcspectiiig this group of fossils will be of interest, as showing 
the various opinions brought forward about their nature and affini- 
ties. 

The first account of a member of this group is by Defrance, in the 
‘ Dictionnaire des Sciences Katurelles,' 1827, tom. 45, p. 5, Atlas, 
pi. 68, who describes Jind figures two specimens from Devonian strata 
in the neighbourhood of Chimay, Belgium, to which he gave the 
name of Eeceptacv lites Eeptvni, These specimens, the t 3 'pe 8 of the 
genus, show ver}’ im]icrfectl 3 ^ the real characters of the organism. 
The original structures have either been replaced b 3 ' iron -peroxide, 
or the 8]) aces which they occupied are now vacant. Defrance gives 
a very clear account of the characbTs exhibited, and compares the 
regular arrangement of the rhomboidal plates of the outer surface 
to the disposition of the scales on the cone of a pine-tree. The 
connecting pillars are, in these specimens, merely hollow cells. The 
author expresses doubts w'hether the fossils are marine organisms, 
but finally concludes that they may belong to the order of Polyps. 

Goldfuss, in the ‘ Petrefacta Gei maniac’ (1826-33) p. 31, t. 9, f. 18, 
19, describes and figures under the names of Cosdnopora placenta 
and C, mlcata two fragments of the same species already made 
known by Defrance. The first-named species is stated to be from 
the Uebcrgangs-Kalk (Devonian) of the Eifel, and the latter, evi- 
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dently erroneously, from the Jura-Kalk, probably from Switzerland. 
The condition of these specimens appears to have been similar to 
that of Defrance’s types in having the places occupied by the 
connecting pillars vacant ; and this fact apparently led Goldfuss to 
compare the tubes to the canals in the siliceous sponge Coscinopora 
infundibuliformis, Goldf. 

Murchison, in the ‘ Silurian System’ (1839), p. 697, pi. xxvi. f. 11, 
under the name of Ischadites Kceni^ii^ figures a group of fossils on 
the surface of a slab of shaly limestone from Lower Ludlow rocks 
at Ludlow. Though the specimens have all been compressed, and 
the original structure entirely removed, leaving merely impressions 
of its former presence, yet the originally ovate or subsphericed form 
and the tessellation of the surface can be clearly recognized. Mur- 
chison, without expressing an opinion as to the affinities of these 
fossils, referred them to Mr. Kiinig, who thought that they might 
belong to the family of Ascidim. No suspicion of any relationship 
between these ovate bodies and the cup- and disk-shaped specimens 
of Receptaculites appears to have been entertained. 

Professor Phillips, in the ‘ Palaeozoic Possils of Devon and Corn- 
wall ’ (1841), p. 135, t. 59, f. 49, first named the type of another 
genus of this group, Spheeromtes tessellatiis. The type specimen 
had, indeed, been already figured nine years previously, in connexion 
with a paper by De la Peche On the Geology of Tor and Eabbicombe 
Pays, Devonshire”*, though it had not been named; but Mt. W. J. 
Proderip, to whom it had been referred, stated that the fossil may 
have belonged to the Tunicata. The 8])ecimen is pear-shaped, par- 
tially imbedded in a hard limestone, and showing a surface of hexa- 
gonal plates. Phillips regarded it as a Cj^stidean, allied to the genus 
Echinosphfprites, Wahlenbcrg, and he placed it in the Cystidean genus 
Spheeronites^ Hisingor. 

In 1840, Eichwald, in ‘Die Urw^elt Pusslands,’ p. 81, t. 3, 
f. 18, proposed the genus Tetnujonis for a fossil of uncertain origin, 
which he thought might probably belong to the same family as the 
problematical Iscluidites, Murch. Curiously enough, Eichwald’s 
type specimen was brought to London by Murchison to show to 
W. Lonsdale; but that ])alaDontologist does not appear to have 
recognized any relationship between it and IscJindiUs^ though, as 
we shall see later on, it is undoubtedly congeneric with this latter 
genus. The specimen is pear-shaped, and the outer surface is divided 
by vertical and transverse lines into oblong areas, with small per- 
forations at the alternate angles. Oblique lines regularly winding 
round the fossil are also mentioned. I shall show further on that 
the appearances presented by the type of Tetrayonis are similar to 
those of Ischadites^ when the rhomboidal surface plates are removed 
and the horizontal spicular rays beneath are exposed. This being 
the case, Eichwald ’s name Tttrayonis will have to give place to Mur- 
chison’s name Ischadites, which has the priority. Eichwald ranks 
Tetragonis with corals, and in this order he also places another 
example of Ischadites which is named Receptaculites BronniL 
* Trans. Geol. Soc. ser. 2, vol. iii. p. 164, t 20. figs. 1, 2. 
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In the ‘ Palaeontology of New York/ vol. i. (1847) p. 68, t. 24, 
f. 3, Prof. J. Hall refers, with a query, to Bec&ptaculites Neptuni^ 
Defr., some fragmentary specimens from the Trenton limestone of 
Carlisle, Pennsylvania. 

In the ‘ Geological Survey of Wisconsin, Iowa, and Minnesota ’ 
(1852), p. 586, t. 2B, f. 13, D. Dale Owen refers another example of 
this group, from Lower Silurian limestones in Iowa, to a new genua 
of Poraminifera, under the name of Selenoides iowensis. Only the 
concave base of the specimen is figured ; but as the upper portion is 
described as dome-shaped, it probably belongs to the genus Ischa- 
elites. According to Miller’s ‘ Catalogue of American Dossils,’ the 
same author, D. Dale Owen, had previously described, in 1840 and 
1844, three other species of Beeejytaculites^ which bear the names 
of a, dactioloides, R. reticulatus, and R, sulcatus ; but the works 
containing the descriptions are not accessible to me. 

In 1859, J. W. Salter gives descriptions and figures in ‘ Canadian 
Organic Remains,’ Dec. i. p. 43, 1. 10, of two disk-shaped specimens 
of Receptaculites ; one, R, occidentalism from Trenton limestone at 
Pauquette’s Rapids, on the Ottawa, the other, R. australis, from 
Upper Silurian strata of New South Wales. Salter regarded these 
bodies as allied to the Foraminiferal genus Orhitolites, and stated 
that the rhomboidal plates and the columns, which in these speci- 
mens are of silex, represented the spaces formerly occupied by the 
animal sarcode. Salter figures and refers to four connecting pro- 
cesses or stolons given off from the columns, and also indicates the 
perforations in the plate of the inner or upper surface. 

D’Eichwald in ‘ Lethaca Roesica’ (1860), p. 427, brings under the 
family of the Receptaeulitidm the following genera, ReceptacuUteSm 
Tetragonis, Mastopora, Escharipora, and Ischadites, The family is 
regarded as belonging to the Anthozoa, and its structure is stated to 
consist of very regularly arranged cells or tubes which ai)pear to be 
covered by a corneous operculum. In addition to the species men- 
tioned by the author in the ‘ Urwelt Russlands,’ there are here 
mrther enumerated, R. orhis Escharites forni<yixlosus, Schlot.), 
from the Orthoceras-KoXk of Baltischport ; Tetragonis sulcata and 
T, jxirvipora, which, judging from the figures, do not belong to the 
family at all, and Ischadites Eickwaldi, 0. Schmidt, and /. altaicus, 
Eichw. Splueronites tessellatus, Phill., is stated to a])proach near to 
Ischadites, The genera Mastoporam Eichw., and Eschariporam Hall, 
do not appear to me to be in any way allied to the Receptaculitida?. 

Mr. W. Pengelly, in the ‘Geologist’ (1861), vol. iv. p. 340, t. 5, 
figures a specimen of Spheeronites tessellatus, Phill., showing the 
inner surface divided into a network of quadrilateral meshes by the 
interlacing of what may be termed vertical and horizontal ribs. 
Pengelly regards the form as a sponge, and applies to it the generic 
name Sphcerospo7i//ia. 

In the same year in which Pengelly employed the term SphcBro- 
spongia for the Spheeronites tessellatus, Phill., J. W. Salter, referring 
to the same form (‘Memoirs of the Geological Survey of Great 
Britain ; the Geology of the neighbourhood of Edinburgh,’ 1861, 
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p. 1 36), sl ates that it is a sponge, and that he proposed the term 
SpJicerospongia for the Devonian species. At the same time he 
mentions a Caradoc fossil (without adding any further description) 
as of the same genus, in which, as will be shown, he was mistaken. 
Whether, however, we regard Pengelly or Salter as the author of 
the term, there is no doubt that it was first applied to the Devonian 
species Sphceromtes tessellatus, Phill., and this form will thus remain 
as the type, and the genus will not be invalidated by the circum- 
stance that Salter ranged under it, several years latter, other forms 
which have no relationship whatever with the type species. Salter 
further states, in the same memoir, that Ischadites is a regularly 
formed sponge, with vertical and transverse bundles of fibres, and 
that he now regarded lleceptaculites also as a very regular cup- 
shaped sponge, with a skeleton arranged precisely after the pattern 
of the soft parts in Orhitolites, 

According to Miller’s ‘ Catalogue of American Palseozoic Possils ’ 
Prof. Hall has described in the ‘ Itcport of the Superintendent of the 
Geological Survey of Wisconsin, 1861,’ five species of lieceptaculitefi 
from strata of Trenton and Niagara age. I have in vain sought for 
a copy of the pamphlet containing this Iteport in the libraries of the 
scientific societies of London, and cannot therefore express an 
opinion as to the character of these species. 

Mr. E. Billings, in the ‘ Palfeozoic Fossils of Canada ’ (1865), 
Yol. i. p. 378, gave an elaborate description of the structure of 
JiecepiaculiteSy based principally on the characters of R, occidentalh^ 
Salt. He described the genus as consisting of discoid, cylindrical, 
ovate, or globular-shaped bochos, hollow within, and usually, if not 
always, with an aperture in the upper side. He supposed that even 
the large flattened examples of li, oecidenUdis were but the basal 
portions of conical hollow individuals, of which the upper portions 
had fallen to pieces after the death of the animal. The body- wall, 
according to Billings, consisted of three parts, an external integu- 
ment, the cctorhin, and an internal, the endorhiii, composed of 
rhomboidal plates, between which arc cylindrical hollow tubes or 
spicules, which extend between plates of the outer and inner sur- 
face. The outer extremity of each spicide carries four small slender 
stolons extending to the four corners of the plate which covers 
tht^m, and Billings states that they seem to form a connexion with 
the stolons of adjacent spicules. The plates of the endorhin are 
said to possess four small canals which radiate from the centre of 
each plate (where they communicate with the vertical spicule) to 
each of its sides ; and further a circular orifice is present at the 
angles of the plates. Billings’s description is supplemented by dia- 
grammatic representations of a vertical section ot a subconical 
species and of the structure of the body-wall. It ought not to bo 
forgotten that these figures are merely diagrammatical, and I do not 
think any conical form has ever been discovered with an interior 
plate like that figured by Billings, though it fairly represents the 
structure of the open cup-shaped examples of ReceplacnUten, Billings 
recognized the affinity between Receptaculites and the genera Tetra^ 
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gonis and Ischadhes^dJidL states that appears to be merely 

Beceptaculites with the ectorhiii removed. He institutes a com- 
parison between the structure of the wall of Keceptacalites and that 
of the gcmmuloB or resting-spores of the fresh-water siliceous sponges 
of the genus Spomjilla^ and regards the small birotulate spicules, or 
amphidisks, and the enveloping coriaceous membrane of the gemmules 
of Spongilla as analogous to the spicules of Meceptaculites, 

In the same volume, Billings also describes as new species Beixp- 
tdculites calciferus and M, elegantulus from the Calciferous forma- 
tion, E. canadensis and E, ? insularis from the Hiliirian of Anti- 
costi, and E, Jonesi from Lower Helderberg strata at Gaspe. 

Mr. J. W. Salter, in the ‘ Palaeontology of Niti in the Northern 
Himalaya ’ (1865), p. 47, t. 5, gives a definition of Sphcerospomgia 
as a new genus, in which he includes a sponge from the Caradoc 
rocks of Britain (without giving either the name or the desenption 
of the form), and two species, S. mellijiaa and /S^. inosculans^ from 
the Himalaya. The generic definition by no means corresponds 
with the characters of Splioerospongia tessellata, Phill., sp., the real 
type, and Salter seems to have included therein the characters of two 
or throe heterogeneous fossils. Of the species enumerated from the 
Himalaya, only one, S, inosculans^ probably belongs to the present 
group, and this, as Salter remarks, much resembles Ischadites and 
may provisionally be included in that genus. 

i)r. W. Dames, in a memoir on the Devonian deposits in the 
vicinity of Freiburg, in Lower Silesia (Zeitschrift der deutschen 
geologischen Gcsellschaft, Bd. xx. 1868, p. 48-^, t. 10. f. 1), gives a 
detailed aceount of the structure of Eeceptaculites Neptuni, Defr., as 
shown in examples of this species from Ober-Kunzendorf, which 
agrees in the main points with that of Billings, though Dames 
failed to perceive, in the so-called endorhinal plates of this species, 
the apertures and the interior canals described by Billings in the 
inner plate of E, occidentalis ; but he states that there are certainly 
more than four canals in the ectorhinal plates. Dames denies that 
any real similarity exists between Eeceptaculites and the gemmulae 
of Spongilla, on the grounds that there is no evidence of the origi- 
nally coriaceous character which Billings attributes to some of the 
integumentary plates of Eeceptaculites, and that the spicules of the 
fossil genus are much larger at the periphery than near the nucleus ; 
whereas the amphidisks of Spongilla arc of uniform dimensions 
throughout. In conclusion, Dames places Eeceptaculites with the 
Foraminifera, in proximity to the family of the Orbitolitida 3 , and 
proposes to form for it, with Tetragonis and Ischadites, the family of 
the Beceptaculitidse. This author further mentions the occurrence 
of Eeceptaculites in shales of Carboniferous age at liothwaltersdorf. 

Messrs. Meek and Worthen, in the ‘ Geology of Illinois,’ vqI. iii. 
(1878), described, and figured for the first time, two species of 
Eeceptaculites, E, glohularis and E. Oweni, from the Galena strata of 
Illinois. They also figure, as a doubtfully new species, a specimen 
which, from the figure, appears to be identical with the form placed 
under E, glohularis, which, it may be stated, really belongs to the 
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genus IscJiadites, The authors express no opinion on the characters 
of these fossils, and refer to the hollow casts of the spicules as cells. 

J. W. Salter, in the ‘ Catalogue of the Cambrian and Silurian fossils 
in the Geological Museum of the University of Cambridge ’ (1873), 
gives a figure of Ischadites Koenigii^ Murch., from Dudley, representing 
it with a short cylindrical stem and diverging rootlets, and states that 
it is one of the regular sponges, like SpJuvrosponcfia^ and that it pos- 
sesses a root and a foramen at the top, after the manner of Qrantia, I 
may here remark that the stem and root represented as belonging to 
this specimen are probably imaginary, since neither in the Museum 
at Cambridge nor in the Jermyn Street or British Museum is there 
a single example showing traces of any basal stem, nor is such an 
appendage presented in the numerous and perfectly preserved 
examples of this species which occur in the isle of Gotland. 

In 1875 an important treatise on the organization and syste- 
matic position of Meceptaculites*, by Dr. C. W. Giimbel, appeared in 
the ^Abhandlungen der k. bayer. Akademie der Wissenschaften.’ The 
author’s observations were based on examples of R. Neptuni^ Defr., 
from Devonian strata in Belgium and Silesia, and he considers the 
original form of these bodies to have been open cup-shaped as they 
are now found, and not conical with a small central aperture, as 
supposed by Billings. By making sections through specimens, 
Giimbel was enabled to ascertain more thoroughly their interior 
characters, and to add further particulars of their structure to those 
made known by Billings. Both the outer and inner surfaces of the 
organism are stated to possess a very thin layer, now of a carbona- 
ceous material, but originally probably of a leathery or horny con- 
sistency. The contact margins of the plates of the outer surface are 
stated to be uneven, and provided with minute sinuosities, which 

probably indicate the presence of small canals, thus allowing com- 
munication between the interior of the organism and the outer 
medium. The surface-plates are said to consist of three distinct 
layers — (1) a thin coaly surface-layer; (2) an upper layer of 
calcite ; and (3) an under-layer of the same substance. This under- 
layer, if I understand correctly Giimbers explanations, consists of 
the four radiating arms at the ends of the pillars, with canals in 
the centres of each, which are termed the epistyle. The radiating 
arms of the epistyle are stated not to connect directly with those 
of adjoining epistyles, but to rest side by side. The inner termi- 
nation of the pillars, according to Giimbel, is not furnished, like 
the outer, with an epistyle of four arms, but they possess a greater 
number of thick irregular branches with subdivisions. These are 
never intergrown with the main plates of the inner integument, 
which are said to be strongly folded in the interior. Purther, the 
plates of the inner surface of this species are said not to possess 
the circular canals described by Billings in R, occidentalism but are 
covered with small warty elevations indicating the presence of cells* 
Giimbel agrees with Billings that the interspaces between the 

» Beitr^e zur Keuntniss der Organisation und systematischen Stellung von 
Receptaculitea; Abhandl. k. bayer. Akad. Wise. Band xii. Abth. i. pp. 170- 
216, PI. A. 
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columns of the interior of the organism, now uniformly filled with 
matrix, were, in the lifetime of the animal, occupied by sarcode. 
He further believes that the original material of the skeleton was a 
finely fibrous crystalline aragonite, and that this structure was 
entirely opposed to the probability of its alliance to sponges. On 
the other hand, the inner organization agrees very well with that 
of the Poraminifera, with which Beceptaculites may unquestion- 

ably be placed, though its relationships are not with the Orbitolitidje, 
as Salter first, and Dames afterwards, supposed, but with the 
family of the Daotyloporidae. As the result of an examination of 
specimens of Ischadites Kveniyii from the Silurian of the isle of Got- 
land, Qiimbel concludes that its organization does not in the least 
difier from that of Rtcepiaculites^ so that there is no ground for 
constituting it a distinct species ; and Tetragonis only differs in the 
accidental absence, through weathering, of the plates of the outer 
surface. Still further, Giimbel finds a relationship between Proto^ 
spongia fenestrata, Salt., and ReceptaculUes, 

In 1878, Mr. R. Etheridge, E.R.S., described, in the Quart. 
Journ. Geol. Soc. vol. xxxiv. p. 57*5, from Silurian strata in the 
Arctic Regions, two species of ReceptacuUtes^ one of which is referred 
to R. occidentali^^ and the other, which is the largest species yet 
known, is named R. arctims, 

Quenstedt, in the ‘ Petrefactenkunde Deutschlands,^ Bd.5(1878), 
p. 586, states that though the characters of Receptacvlites are not 
yet well understood, it may nevertheless belong to the corals. The 
author figures, as a new species, R. seyphioides, a cup-shaped sj)eci- 
men from Devonian strata at Ober-Kunzendorf in Silesia, without, 
however, indicating any characters which could distinguish it from 
R, Neptuni, Other species of Recepttaculites are figured, and the 
characters of Ischadites and Tetragonis are referred to, without, 
however, adding anything of importance respecting these genera. 

Ferd. Rdmer, in the ‘Lethaea Palmozoica,’ 1 Th. (1880), 23. 285, 
proposes to include in the family of the Receptaculitidm the genera 
Receptaculites^ Cyclocrinus, Pasceohis, Tetragonis, Poly gonosplia riles, 
and Archceocyatlius, and traces the family j)rovisionally with the 
Foratninifera, although there is no satisfactory ground for a com- 
parison with that group. He ado 2 )ts the deBcri23tion of the structure 
of Eeceptacaliies given by Giimbel, and agrees with this author that 
there are no apertures in the plates of the inner surface as described 
by Billings ; but he does not tliink that there is any communication 
between the margins of the 23lates as surmised by Giimbel. Rdmer 
further adds a descri23tion and figure of a new species, Receptaculites 
carhonarins, from the Carboniferous Limestone of Silesia. With 
respect to JscJiadites, Rdmer thinks that this genus, if not identical 
with Receptaculites, stands very near to it. Bohemian specimens 
usually referred to /. Kmxigii, are, according to Rdmer, distinct 
from this species, probably belonging to a different genus. The term 
Polygonospheeritesis em2)loyed instead oiiSpheerospongia, Pcngelly, as 
the author thinks that this latter term should be rejected, since it 
implies a connexion wuth B 2 )ongo 8 . Rdmer regards the relationship 
between Splmrosponyiu tessellata^ Phill., sp., and Receptaculites as 
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hardly doubtful. As regards Tetragonia^ the author remarks that 
our knowledge of it is as incomplete as its position is uncertain, and 
that the presence of surface-plates has not been decisively deter- 
mined any more than the existence of perforations at the angles of 
the squares into which the surface of the fossil is divided as de- 
scribed by Eichwald. In addition to the type species T, MurchiBonii, 
Eichw., the author includes in Tetragonis, T. Danhgi, McCoy, and 2\ 
eifeliensis, Kdm., which, however, do not properly belong to the genus. 
As the essential characters of the other genera placed by Homer in 
the Heceptaculitidse, namely Cyclocrhius^ Eichw., PasceoliM, Bill., 
and Archceocgathus, Bill., do not in my opinion agree in the least 
with those of Eeceptacalites and its allied genera, it is not worth 
while to notice his statements respecting them. 

In the first part of the first volume of the ‘ Handbuch der Pala- 
ontologie ’ (1876), p. 83, Prof. Zittel places Meceptaculites in the 
family of the Dactyloporid® ; but in a supplement at the end of the 
volume (p. 727) Receptaculites and its allied genera are stated to 
form an altogether doubtful group ; and as they have hardly a single 
typical feature in common with Eoraminifera, and as the Dactylopo- 
ridai, with which they were placed by Giimbel, are now known to 
be calcareous Alga), and not Eoraminifera, they should be removed 
from this Order. In addition to the various genera included in this 
family by Homer, Zittel further adds GonioUna^ D^Orb., Archczo- 
cyathellus, Ford, and Frotocyathus^ Eord. 

Lastly, in the ‘ Catalogue of the Eossil Eoraminifera in the British 
Museum ’ (1882), Prof. T. Hupcrt Jones gives a list of the species of 
Receptaculites and its allies under the heading of “ Hhizopoda of 
uncertain alliance.” In a note on the Heceptaculitidae (p. 83) the 
author ado])ts Giimbel’s reference of the leading genus to Forainini- 
fera on the ground of the similarity of its structure to Dactylopoca, 

Terminology employed. 

In conformity with the opinion which I shall endeavour to esta- 
blish, that the systematic ijositiou of the Heceptaculitida) is with 
Sponges, it seems desirable to employ other terms for the component 
parts of the organism than those which have been used by Gurnbel, 
Dames, and other writers, who have regarded these organisms as 
Eoraminifera. I propose therefore to adopt the term “ spicules ” 
for the component parts of these fossils. The difierent parts of each 
separate spicule may bo designated as follows: — (1) “Head- or 
summit- plate ” of the spicule, for the rhomboidal or hexagonal-plates 
of the outer surface, which are the equivalents of the rhomboidal- 
platcs of the ectorhin, Billings ; rhomboidische Tafeln, Dames ; rhom- 
bische Plattchen, Giimbel. (2) For the four horizontally extended 
arms or rays immediately beneath the head-plate (the Stolons, Bill. ; 
Kaniile, Dames ; Epistyle, Stiitzarme, Giimb.), I propose the term 
“ horizontal rays of the spicule. (3) For the tapering or subcylin- 
drical arm or ray extending at right angles to the horizontal rays 
towards the interior of the organism, and in Receptaculites reaching 
to the inner plate (the cylindrical tubes or hollow spicula, BUI. ; 



804 BB. G. J. HINBB OB BBCBPTAGXrUTIB^. 

cylindrisobe Eohre, Dames ; Saulchen, Giimbel ; cells, Hall, Meek< 
and other American palceontologists ; trons ronds, Defrance), the 
name “ vertical ray ’’ may be used. As regards tbe relative position 
in tbe organism of tbe spicular plates and rays, that angle of the 
summit-plate and the horizontal ray beneath it which point towards 
the basal nucleus or commencement of growth of the organism (one 
of the radial stolons. Bill. ; radial-centripetaler Ast, Giimb.) maybe 
termed the “ proximal angle and ray ; ’’ whilst the angle and ray 
pointing in the opposite direction, that is, towards the periphery of 
the organism in the flattened examples, or towards the summit in the 
conical forms (radial- centrifugaler Ast, Giimb.), will be the distal 
angle and ray.” The other two angles of the summit-plate and the 
corresponding rays ( = cyclical stolons, Bill. ; concentrische Aestchen, 
Giimb.) may be named “ lateral angles and rays.” Thus in those spe- 
cimens in which the head-plates of the spicules have been removed, 
and the surface below them appears as if divided into small rectan- 
gular spaces, the lines radiating from the nucleus to the periphery, 
or to the summit in conical examples, are formed by the distal and 
proximal rays of the spicules, whilst the lines crossing the former at 
right angles, and producing concentric circles, are formed by the 
lateral rays. 

For the inner or upper integument in the genus Receptaculites 
(=:Endorhin, Bill. ; innere Hiille, Giimb.) I propose merely to use 
the term “ inner layer.” 

II. Minekal Structure and Aspect under difperenx 
Conditions op Pbbseevation. 

One of the first considerations in relation to the true nature of 
these fossils, and one to which little attention appears to have been 
directed by those who have hitherto studied them, is that of their 
original mineral constitution. The generally accepted conclusion of 
the Foraminiferal nature of Receptaculites appears to have lulled any 
suspicion that might have been entertained as to the originally 
calcareous constitution of its skeleton ; and even in the solitary 
instance in which a serious attempt has been made by Mr. Billings 
to compare its structure with that of spicules of siliceous sponges, 
there is no evidence brought forward to show the probability that 
its skeleton may have been also originally siliceous. Though, in tho 
majority of examples, the skeleton is now of carbonate of lime, yet, 
so far as I am aware, not a single specimen has been found in whidi 
this mineral is otherwise than in a crystalline condition, and osnnot 
therefore be regarded as the original structure of the organism. 
This circumstance alone is sufficient to show that there is a prima 
facie ground for questioning whether some other mineral than calcite 
may have formed the hard parts of the organism. The extraordinary 
diversity of appearance which Receptaculites and its allies exhibit, 
according to the different conditions in which the skeleton is pre- 
served, stands also in intimate connexion with the question of its 
original nature, and renders it of importance to ascertain this point 
by a comparison of the different condition of these fossils from strata 
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The aspect of the casts of Receptaculites and Ischadites differs so . 
much from that of the same fossils when the structures themselves 
are present that one can readily understand the origin of the erroneous 
opinion held by several palaeontologists that these fossils consisted of 
series of hollow cylindrical cells. In the examples from the tjalena 
limestones of Illinois, the surface of the fossil is divided into shallow 
lozenge-shaped areas by the crossing of comparatively thick curved 
ridges of yellowish coarsely-granular dolomite. At the bottom of 
these areas are the hollow cylindrical tubes, the casts of the vertical 
spicular rays, which extend quite through to the horizontal plate above. 
The tube-walls, or rather the interspaces between the tubes, for 
there arc no definite walls, consist of the same dolomitic material 
as the matrix. When the under surhiee is worn down or broken 
away only the cylindrical tubes are cxjjosed. The only indications 
in these specimens of th(i horizontal rays of the spicules are four 
small horizontal ])rojoctions, which extend from the cell-walls 
immediately beneath tlie cast of the summit-plate. These projecting 
processes fill the interspaces originally existing between the horizontal 
rays. The coarse-grained character of the dolomitic matrix of these 
fossils is ill- adapted for retaining their finer structural markings. 

The casts of Jschadites from the finer calcareous mud of the 
WcTilock and Ludlow strata vary considerably in appearance from 
those of the fossils just referred to. In the best-preserved specimens, 
which, however, are more or less distorted and flattened by compres- 
sion, the surface is marked by distinct ridges which cross each other 
diagonally, leaving between them small lozenge-shaped or rhom- 
boidal depressions. The ridges are usually even, though sometimes 
they exhibit minute sinuosities. Occasionally the depressions are 
crossed by two other series of lines, less distinct!}^ marked than 
the diagonal ridges, which divide each rhomboidal area into four 
triangles. At the intersection of these lines, in the centre of each 
area, are small circular apertures, not always shown however, which 
are the casts of the vertical spicular rays. The diagonal ridges 
represent the minute linear interspaces between the margins of the 
head-plates of the spicules ; and the vertical and concentric lines, 
which are more clearly shown when the diagonal ridges are worn 
down, indicate the horizontal rays. 

(2) In which the skeleton consists of ciy’stalline calcite. This is 
the common condition in which these fossils occur, and it is found 
in specimens from different formations and localities. Thus calcite 
is present in Iscliadites from Gotland and in some forms of the same 
genus from Dudley and Malvern ; it forms the skeleton of Spheero- 
spmgia from Devonian strata in Devonshire, also of Acanthochoma 
from the Silurian rocks of Bohemia, and of Receptaculites from the 
Trenton limestone in Canada, from the Silurian strata of the Baltic 
and the Arctic regions, and from the Devonian of Silesia and Belgium. 
The matrix enclosing these crystalline calcite specimens is usually 
an organic limestone in which the remains of other kinds of fossils 
are abundant, and these, for the most part, retain the calcite in an 
amorphous condition; in other cases the matrix is a calcareous 
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shale or mudstone. In no instance, so far as I am aware, has any 
member of this group been discovered in arenaceous strata. 

In examples of IscJutdites from Djupvik in Gotland, as also in 
some forms of Sphasrospongia and Amnthochonui^ the head-plates of 
the spicules are exceptionEiIly well preserved, and exhibit a smooth 
shining horny lustre so as to give an impi‘essioii that they are 
formed of amorphous calcite. This smooth appearance is, however, 
merely confined to the outer suiface of the plates, for in transverse 
sections the material immediately beneath the surface is decidedly 
crystalline. As a general rule the outer surface of the spicules, 
when laid bare by weathering, is slightly rough and uneven, and the 
internal aspect in polished sections or fractured surfaces is more or 
less coarsely crystalline. The interspace between the outer and 
inner surface is usually filled with a matrix of a similar character 
to that of the enveloping limestone rock, and in this the vertical! 
spicular rays, as seen in sections, show well-defined outlines, but no 
special wall-substance is apparent between the matrix and the 
crystalline substance of the rays. In some instances the summit- 
plates and the horizontal rays are amalgamated into a continuous 
mass of crystalline calcite in which neither canals nor the separate 
horizontal rays can be distinguished. In these cases it would seem 
as if the original material had ])con first comjdetely removed by 
solution and the moulds afterwards filled with the crystalline cal- 
cite. In none of tlie Silesian s]>cciraens of Receptacidites which I 
have seen is there finy indication of the finely fibrous crystalline 
structure which Giimbcl regards as the original character of the 
skeleton, though in some of the weathered examples of Aixvntho- 
(dionia from Bohemia, the crystalline calcite is fibrous and the 
crystals radiate from centres in a somewhat similar manner to that 
figured by Giimbcl. The calcite in weathcred-out specimens of 
Spharoapongia from Devonshire is mostly of a granular crystalline 
character, and the surface of the spicular plates and rays is peculiarly 
rough and uneven. 

(3) In which the skeleton consists of iron peroxide and iron 
pyrites. The former material is of very common occurrence in 
specimens of Jleceptaculltrs from Belgium, Silesia, and Canada, and 
of Ischaclites from Gotland. The matrix of these fossils is either 
limestone or calcareous shale. The instances in which the skeleton 
consists of iron pyrites are rare. Not iiufrequently the iron peroxide 
is partly intermingled with calcite. It is sometimes of a dark 
brown, hut more usually of a rusty tint. As a rule the head-plates 
are not clearly shown in specimens of this material, and when the 
outer surface is preserved, it appears as a thin continuous dark or 
rusty crust. When this is slightly weathered, the outlines of the 
plates are indicated by delicate lines of the fine-grained matrix; 
further weathering exposes the horizontal rays of the spicules, form- 
ing, in the examples of Iscluidites, clearly marked dark linos running 
from the base to the summit crossed by other lines tracing concentric 
circles. When more closely examined, the lines are seen not to be 
in all cases continuous, as the spicular ray sometimes do not meet, 
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though very frequently they overlap each other. In specimens still 
further -worn, by weathering or other causes, the horizontal rays 
disappear, and the surface is covered with circular apertures, infilled 
with the iron peroxide, disposed in straight lines running from the 
nucleus to the summit or the periphery of the fossil. The rusty infil- 
ling is frequently removed by the weather, and the holes themselves 
become considerably enlarged. Though the horizontal and vertical 
spicular rays are very clearly shown in these iron-peroxide spe- 
cimens, yet I have not detected in them any traces of the interior 
canals, nor,' in fact, could these structures be expected to bo preserved 
in such soft incoherent material. 

(4) In which the skeleton is of silica. The only examples in 
which, to my knowledge, this mineral constitutes the skeleton are 
specimens of Jieeqiiamlites from Trenton limestone at Pauquettes 
rapids, on the Ottawa Kiver. The matrix enclosing these specimens 
is a compact blue limestone filled with the remains of corals and 
mollusca, some of which at least are replaced by silica in the form 
of Peekiie. The silica in lieceptanilites is evidently in a secondary 
condition, as it appears, after the matrix has been removed b)" dilute 
acid, in a minutely granular state on the exterior surface of the 
plates and rays, giving them a rough aspect under the lens, and in 
the form of delicate plates and radiating crystalline fibres in their 
interior. It hapi)ens even here that the specimens are not invariably 
of silica, but part of an individual may be of crystalline calcite and 
l)art of silica; and it is a notable circumstance, as tending to throw 
some light on the original maierial of these bodies, that whilst in 
the siliceous portion of the specimens the interior canals are clearly 
shown in the spicular rays, no traces of them appear in those parts 
which have been replaced by cryst<‘Jline calcite. 

Prom the above it is evident that the question of the original mineral 
iiSii!UTO oi Becipta nil iiefi and its allies is a complex one, and that it is 
doubtful if a single specimen has yet been discovered in w^hich the ori- 
ginal structure has Ix^en j)rcserved. It will I think be generally con- 
ceded that crystalline calcite, of which the skeleton is now most fre- 
quently composed, does not constitute its primary structure, which must 
either have been another form of carbonate of lime, such as aragonite, 
or silica. Giinibel * maintains that in certain specimens from Silesia 
the original structure of Eecej^tdcnlites exists in the form of a finely 
fibrous crystalline material which may be taken to be aragonite, 
but he does not mention the characters by which it may be distin- 
guished from calcite. The proof brought forward by G umbel that 
this material forms the original structural element of the skeleton 
is that the constant oblique direction in which the crystalline fibres 
radiate from the central axis of the vertical sjucular rays never 
appears in purely crj’stallinc structures, and also that there are 
numerous parallel lines within the fibrous material which cannot be 
attributed either to aragonite or to fibrous calcite, but to organic 
structure ; this material, in thin microscopic sections, has a great 
resemblance to the Jprismatic layer (Kalkstabchenschicht) in the 
♦ Beitr. p. 26 (eep. copy). 
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shells of certain mollusca. The facts brought forward by Giimbel 
do not, however, appear to me to be sufficient to prove the organic 
nature of this fibrous crystalline structure. The constant direction 
of the radiation of the fibres may be attributed to the fact that the 
vertical axis of the spicular ray is the centre from which the rays 
diverge to the surface of the spicule. That the faiut concentric and 
parallel lines, noted by Gunibel in vertical and transverse sections of 
the spicules, may indicate their mode of growth by the addition of 
concentric layers seems extremely probable, but such markings 
might yet be shown even on the supposition that calcite had replaced 
silica, and so far from being directly opposed to the supposed 
relationship to Sponges, as Giimbel asserts, they are, in fact, strong 
evidences in favour thereof, since the spicules alike of calcareous 
and siliceous sponges are built up of concentric layers deposited 
round a central axial canal. 

If we now take into consideration the supposition that silica has 
been the original mineral constituent of the llocoptaculitidae, we are 
confronted by the fact that, the instances are comparatively tew in 
which this mineral now forms the skeleton, and even then it is, like 
the crystalline calcite, in a secondary condition. But from the 
experiences obtained of the changes wdiich the organic silica of 
sponges undergoes in the fossil condition, tliero are reasonable grounds 
for believing that the skeleton of llcceptacMliUs may have been of 
a siliceous and not of a calcareous character. Nothing is more 
common than to find the spicular mesh-work of undoubted siliceous 
sponges in the Jurassic limestones of G(;rmany and elsewhere wholly 
replaced by crystalline calcite, but so that the perfect form is retained, 
and in some instances even the central axial canal can be detected. 
Equally familiar too is the fact that in the Upper Chalk of this 
country the siliceous skeleton of the sponges has been wholly 
removed by solution, and the cavities are now either empty or 
replaced by iron peroxide. And this solution and replacement 
are so general that in the sponge-beds of certain Jurassic areas 
it is very rare to find a single individual sponge in which the original 
siliceous skeleton is intact ; whilst in the Upper Chalk of this country 
we must resort to the sponges enclosed in flint nodules to find a 
specimen in Avhich the spicules arc of silica, and even then the silica 
is in a secondary condition. The examples of undoubted siliceous 
sponges from P^oeozoic rocks arc not very numerous, but in many 
of them the skeletons have been either removed, leaving empty casts, 
or replaced by crystalline calcite, iron peroxide, and iron pyrites. 
The siliceous sponges of the genera Aulocoirium and Astylospongia^ 
from Silurian strata of the Baltic basin and in West Tennessee, are, 
indeed, often in a siliceous matrix ; but it happens that the minute 
structure of the sponges themselves, when it is preser^’ed at all, is 
generally a compound of iron or merely represented by empty moulds, 
and these sponges may be considered somewhat in the light of 
siliceous nodules in which the silica liberated from their own skeletons 
and those of other sponges has been aggregated. Other siliceous 
sponges of the genus Astneospongia, from the Silurian of Tennessee 
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are now partly of calcito and partly of silica, and spicules of this 
genus even occur detached in the condition of calcite in the same 
strata in Gotland from which the calcite specimens of Ischadites 
have been procured. Evidence in favour of the siliceous constitu- 
tion of the Receptaculitidao is also furnished by the circumstance, 
already alluded to, that the interior canals in the spicules of the siliceous 
examples of Receptaculites from the Trenton limestone are distinctly 
shown, whilst these structures have been entirely obliterated in 
portions of the same specimens which have been replaced by calcite. 
That some of the molluscan shells in the same rock have suffered 
a change from calcite to silica can be explained on the supposition 
that this silica has been derived from the solution of the portions of 
Receptacvlites which have been replaced by calcite. The silica of 
the layers of flints in the Galena limestone of Illinois may also have 
originated from a similar source, as the numerous specimens of 
ReeeptacuUies in these rocks are invariably in the form of hoUow 
casts. 

In conclusion it may be stated that on comparing the present 
condition of the skeleton of the lleccptaculitidac with that of undoubted 
siliceous sponges from both Palaeozoic * and Mesozoic strata, we find 
that there is a great similarity in their mineral structure and that 
it is now very frequently in the form of crystalline calcite, iron 
peroxide, iron pyrites, silica in a secondary condition as well as 
empty cavities, and there are therefore good grounds for believing 
that if the lleccptaculitidao are allied to Hponges, the proof for which 
must be sought from other considerations, their spicular skeleton 
was originaUy composed of silica. 

III. Characters of the bipferext Genera. 

Though the genera which I have included in the family of the 
Koce])taculitid‘i]c. all possess similar essential structural features, yet 
in some forms these arc of a sim])ler character and are Letter ])re- 
sorved than in others, and as these simpler forms furnish a key 
towards underslanding the structure and character of the more 
complex, it seems desirable to consider them first. I therefore 
propose to commence with the genus Ischadites or Tetragonis^ 
leaving Receptaculites to the last, since this genus possesses in certain 
respects a more complicated and variable structure than any of the 
others. 


Genus Ischadites, Murchison, 1889, Siluria, p. 697. 

Tetragonis^ Eichwald t, Receptaculites^ pars auct. 

The type forms of this genus consist of a group of flattened bodies, 
with circular or ovate outlines, from 25 to 40 millim. in diameter, 
preserved on the surface of a slab of hard bluish calcareous shale. 

* Since this paper was in type, specimens of Ischadites Kcenigii have been 
discovered in the Silurian of the Pen tland Hills, which closely resemble in their 
condition of preservation the examples of Amphispongia from the same locality. 

+ Urwelt Russlands, Heft 2, 1842, p. 81. 
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The specimens are now only in the condition of casts, that is, of 
impressions in the shale of the structures of the organisms, which 
have entirely disappeared ; and it is evident that they have been 
greatly compressed, and that they were originally subspherical or 
ovate in form. The details of the form in these specimens can only 
partially be ascertained ; the basal extremity appears to have been 
obtusely conical without either stem or roots ; the body gradually 
increased in diameter for about half the distance between the base 
and summit, and then gradually contracted to the summit, at which 
there was a small circular aperture, which originally opened into the 
inner cavity. The surface of these bodies is covered with delicate 
oblique ridges, crossing each other with the greatest regularity, and 
dividing the surface into small rhomboidal depressed areas, disposed 
in quincunx. These areas are small near the base, widest in tho 
central zone, and again minute towards tho summit. Within the 
rhomboidal areas, and only occasionally shown, arc two sets of lines, 
one set running straight from the base to the summit, and tho other 
crossing the first at right angles, so that each rhomboidal area is 
divided into four parts by the lines which intersect in the centres of 
the areas and extend to each of their angles. These lines in 
the type specimen are only faintly and riirely seen, though in Mur- 
chison’s figures, which are partially rcistorations and not accurate 
representations of the originals, they are clearly delineated. 

The above is all that can be learned from an examination of 
Murchison’s typo specimen of Miaditea Kvenifjn^ which is now in 
the Museum of the Society. It seemed desirable to refer to tho 
type form before passing to a descri])tion of tho structural details of 
the genus, as shown in examples of the same species from Silurian 
strata of the isle of (iotland, in which tho component parts of the 
organism are beautifully ijreserved in calcite or iron peroxide. 

Outer form , — This is to a certain extent variable even in the same 
species from the same locality. The prevalent forms are ovate or 
biconvex, or more or less depressed conical ; some are subspherical, and 
others pyriform. Tho central zone in some sj^ecimens is bulged out 
conspicuously (PI. XXXVI. fig. 1 ), but generally there is an evenly 
rounded contour from the base to the summit. The base may be 
either obtusely conical, flattened, or very fre{|uently concave. The 
summit is usually obtusely conical ; rarely there is a small central 
elevation (PI. XXXVI. fig. 1 a). A small circular perforation is present 
in the centre of tho summit which opens into tho originally hollow 
cavity of the body ; this is now invariably filled with the matrix of 
shale or mudstone. 

Structure . — This entirely consists of spicules of various dimensions, 
regularly arranged in vertical and obli(|ue rows, and held in position 
by the interlocking of their summit-plates and horizontal rays. We 
will first consider the plates which form the summits or heads of the 
spicules. These are apparently delicate structures with smooth 
flattened upper or outer surfaces, thickest in tho central portion 
where they connect with the horizontal rays, and gradually dimi- 
nishing towards tho margins, which are very thin. They have a 
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generally rhomboidal outline, but in some parts of tbe specimen two 
of tbe sides of tbe rhomboids are not uniformly straight, but have a 
sbgbt curve, which gives the plates the form of a sector of a circle. 
Another modification is frequently, if not invariably, present in the 
spicular plates of the basal portion, which have their distal angles, 
or those directed away from the basal nucleus, either truncate or 
with a slight notch, from which one of the horizontal rays projects 
and extends, as will be shown, nearly to the centre of tho plate 
immediately in front (PL XXXYI. fig. IV7). The plates forming the 
basal nucleus are also more elongated than any others (PL XXXVI. 
fig. 1/). At the intercalation of fresh rows of spicules, there is a 
modified summit-plate of a pentagonal form and larger size ; in front 
of this is a triangular plate, which is succeeded by plates of normal 
shape. The plates near the nucleus, as well as those of the nucleus 
itself, are relatively small, but they quickly increase in size towards 
the zonal area, where they attain their greatest dimensions (2 to 4 
millim.) ; they then gradually diminish in size towards the summit, 
and th(^ smallest plates surrounding the summit-aperture are 
scarcely distinguishable without a lens, measuring from *25 to *4 
millim. in width, or about one-tenth the diameter of the zonal 
plates. In none of tho examjfies of this genus have I detected any 
minute structure in the head-plates of tho spicules ; they are now 
throughout of crystalline calcite, and in some cases sufficiently 
thin and translucent to allow the horizonta-l rays to be seen through 
them. 

The manner in which the spicular plates are arranged on the 
surface of the organism forms its most conspicuous feature. They 
are disposed in regular spiral curves which, starting in opposite 
directions from the basal nucleus and extending to the summit, give 
to the surface the exact appearance of the engine-turned case of a 
watch. This arrangement has been compared to that of the plates 
of a ganoid fish, and the scales of the cone of a pine tree. Each 
rhomboidal plate is so arranged that one of its angles points to the 
basal nucleus, and its opposite angle to the summit of the specimen, 
whilst the other angles are lateral, so that the distal angle of one 
plate is in contact with the proximal angle of the plate imme- 
diately in front of it. Thus vertical lines extending from the 
base to the summit would pass through the proximal and distal 
angles of the plates, whilst concentric lines would pass through the 
lateral angles. At the nucleus, or centre of tho base, there is a 
series of 8 minute spicules with diamond-shaped head-plates, which 
are so arranged as to form a star-shaped figure, the distal angles of 
each plate representing one of the rays of the star, and a line con- 
necting the lateral angles would trace a small circle, with the 
proximal angles of the plates for its centre (PL XXXYI. fig. 1/), 

As a rule, the margins of the plates appear to fit closely and 
evenly to each other, so as not to leave any interspace between 
their edges, but in some cases the upper or front margins seem to 
be slightly elevated as if they imbricated over the lower or hind 
margins of the spicular plates immediately in front, and left a small 
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intermediate space, now filled with the matrix. That the plates, 
or at least those of the lower portion of the organism, did not fit 
so closely as to exclude the passage of water from the exterior to 
the interior cavity of the organism, is shown by the fact that one of 
the horizontal spicular rays projects from underneath the distal 
angle of each of the plates and extends over the outer surface of 
the plate in front, thus clearly preventing a close-fitting union at 
the margins, and, further, the ridges, which characterize the outer 
surface of the casts of specimens, are produced by the infilling of 
the matrix in the interspaces between the margins of the plates. 
Though the spicular plates in some of the Gotland examples appear 
as if cemented together at their margins, yet a very slight degree 
of weathering is sufficient to show that there was originally a di- 
stinct, though minute, Linear interval between them ; and their 
apparent union is probably caused by the calcitic replacement of the 
originally separate structures which gives the appearance of their 
having been fused together into one mass. 

These summit- or head-plates appear to have been connected by 
a somewhat narrow neck to the horizontal rays of tho spicules at 
the central point of junction with these and the vertical rays, as the 
horizontal rays appear to be independent except at their central 
junction. As a rule, the head-plates are seldom preserved in situ. 
Thus in the largo majority of the specimens from Gotland, they 
have quite disappeared, but in a few from a single locality, Djupvik, 
they are still retained. That they were prcscuit in all originally is 
made clear by faint traces of their marginal outlines which can 
generally be detected, and their absence is to be attributed to the 
facilities which their extended surfaces ofier to weathering in- 
fluences. 

It has been already mentioned that the surface of the fossil 
immediately beneath the rhomboidal spicular plates is divided into 
minute oblong rectangular areas by vertical and concentric lines. 
These lines are formed by the apposition of the horizontal spi- 
cular arms or rays. The spicules, in addition to the head-plate, 
consist of five rays; four extended in a horizontal direction, at 
right angles to each other, whilst tho fifth extends from the junction 
of the four with tho summit-plate towards the interior of the 
organism and thus at right angles to the horizontal rays. The 
spicular rays are circular in transverse section, thickest at their 
central point of junction with each other and the head-plate, and 
they gradually taper to bluntly-pointed extremities. Only in one 
specimen have I been able to detect the presence of canals in the 
interior of the rays. The vertical or entering ray appears to be the 
longest, the lateral rays are subequal, whilst the distal ray, or that 
pointing to the summit of the specimen, seems to be longer than the 
opposite or proximal ray. 

The four horizontal rays are so arranged that each ray extends 
towards one of the angles of the head-plate of the spicule. Thus one 
ray, the proximal, points to the basal nucleus, and its opposite, the 
distal, to the summit. This distal ray in the basal portion of the 
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organism frequently projects beyond tbe margin of tbe spicular head, 
and overlies the head-plate of the spicule immediately in front or above 
it (PI. XXXVI. fig. 1 r/). There is, of course, a correspondence in size 
between the head-plates and the horizontal and vertical rays of the 
spicules of which they form parts, that is, the largest plates are 
attached to the longest and stoutest rays, but the horizontal rays 
are not limited in length to the areas of the summit-plates, as they 
most frequently extend beyond and overlap the rays from adjoining 
spicules. As a general rule the horizontal rays vary in length from 
one half the diameter to the entire diameter of the summit-plate. 
Very frequently in specimens in which the spicular plates have been 
weathered away, either the proximal or distal ray of the hori- 
zontal rays is absent, and this probably arises from the missing ray 
having been in close contact with the under or inner surface of the 
head-plate, and thus ])(i(;oming destroyed Avith the plate ; the lateral 
rays on the other hand are usually intact (PI. XXXVI. fig. 1 i). The 
rays of the eight spicules of the nucleus appear to be of the same 
character, thougli smaller than those succeeding them. 

The effect of the anangement of the horizontal rays of the 
spicules al)ove described is to produce vertical and transverse lines 
which form by their intersection oblong areas, the angles of which 
correspond to the angles and the centres of the head-plates. It 
will be seen that every alternate angle corresponds with the centre 
of one of the hcacl-platcs, and with the vertical ray of each spicule. 

The vertical rays of the spicules, which extend at right angles to 
the summit-jjlates and tlie horizontal rays, are only seen when the 
interior of the specimens is ex])oscd by fracture or by section. 
They are never so clearly shown as the horizontal rays, many have 
apparently disappeared, and their characters can only be known by 
comparing difi'erent specimens in which a few are yet preserved. 
They appear as delicate, gradually tapering shafts, the extremities 
of which are pointed, and reach about half way to the centre of the 
interior cavit y, where they terminate freely (PI. XXXVI. figs. 1 Z;-o). 
In numerous specimens Avhicli I have examined, whether fractured 
irregularly or cut so as to show even vertical and transverse sections, I 
have been unable to discover any traces of an interior plate or in- 
tegument corresponding to that in Eeceptaculitcs^ though the pointed 
ends of the rays were readily discernible: and the fact of the 
gradual tapering of tlie spicules, and the distance to which they 
extend in the interior caAuty, appear to me strongly presumptive 
that in this genus an inner layer is not developed. This distinctive 
feature of the genus as contrasted with Keceptamlites, is not only 
apparent in s])ecimens from Gotland, but also in one example at 
least from Wenlock strata at Dudley, Billings has also shown a 
similarly free termination of the vertical spicular rays in an example 
of the genus from the Lower Hclderberg group at Gaspe, Quebec, 
which he has named ReaytaculHes Jonesi *. He makes no mention 
however, of the absence of an inner layer, and the dark shaded 
space in the figure is inserted to show where it is supposed to exist. 

* Pal. Fossils of Can. toI. i. p. 385, fig. 363. 
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In a similar manner, Giimbel has figured a vertical section of an 
Ischadites * from Gotland, in which a dark shading is intended to 
indicate the outline of an inner layer, but, from the form and ex- 
tension of the spicular rays, the figure is evidently diagrammatical, 
and I have no doubt that, as in the Gotland specimens which I 
have examined, the spicular rays terminate freely. 

Not unfrequently examples of Ischadites occur, in which, through 
weathering, both the spicular head-plates and the horizontal rays 
have disappeared, and only the basal ends of the vertical rays are 
shown on the surface as small rounded nodes, disposed in vertical 
lines (PL XXXVI. tig. 1 c). I have also noticed, in some specimens 
in which the walls have been crushed in, spicules completely detached 
and removed from their original positions, thus showing clearly their 
independence. 

From the characters of Ischadites as given above, there can be 
no doubt that the genus Tetrayonis^^ Eichwaldf, is congeneric 
therewith. From the descriptions and figures of the type species, 
T. Murchisoni^ Eichw., it is evident that it is a si)ecimcn in which 
the spicular head-plates have entirely disa])penred, and the surface 
exhibits the small oblong areas formed by the horizontal rays, 
together with the apertures of the; vertical rays at their angles. 
Eichwald hiiuself recognized a relationship to Ischadites^ and en- 
trusted his type specimen to Murchison for comparison with this 
latter genus; but in the'‘Lothma Jlossica’t, he makes no further 
mention of this, although he therein d<‘scribes some forms of Ischa- 
dites, and also includes under Tetragonis two n(;w species, 2\ sul- 
cata and T. parvipora, which, however, belong to an entirely 
different group than thct\pe species. By most later writers the 
generic identity of Tetrayonis and Ischadites has been freely ac- 
knowledged ; Ferd. lldmer §, however, expresses doubts as to the 
former existence of plates and of the apertures at the angles in the 
type specimen, but this mistake has probably arisen from regarding 
as examples of the genus, other forms which have no close relation 
to it. 

As the term Ischadites, Murch., has the priority of publication the 
name Tetragonis, Eichu ., becomes obsolete. 

The genus Ischadites itself has, by several writers, been regarded 
as identical with lieceptaculites, but though similar in its main 
structural features to this latter genus, it is sufficiently characterized 
by its conical or ovate form, inclosing a central cavity, with a small 
summit-aperture, and by the absence of an inner layer. From 
Spheerospongia, Pengelly, it is distinguished by the rhomboidal form 
of the spicular plates, and the development of vertical spicular rays ; 
and from Acanthochonia, gen. nov., % its conical ovate form and 
central cavity. 

* Beitr. Taf. A. f. 29. 

t Urwelt Russlands, Heft 2 (1842), p. 81, t. 3. f. 18. 

\ Vol. i. pt. 1, p. 430. § Lethflea Pal. Th. i. p. 303. 



816 


DK. G. J. HINDE ON KECEPTACTTLITIEiE. 


Genus Sphjeeospongia, Pengelly, 1861, Geologist, vol. iv. p. 340. 

1841. Sphoeronites^ Phillips (non Hisinger), Pal. Fossils of Devon 
and Cornwall, p. 135. 

1861. Splicer ospongia, Salter, pars. Memoirs of the Geological 
Survey of Great Britain. The Geology of the Neighbourhood of 
Edinburgh, p. 136. 

1875. Fcisceolus, Kayser (non Billings), Zeitschr. d. deutsch. geol. 
Gesellsch. Bd. xxvii. p. 776. 

1880. PolygonospliceriteSy F. Bomer, Lethoea Palajozoica, Th. i. 
p. 296. 

The typical example of this genus, on which Phillips bestowed 
the name SphceroniUa iessellai/u.% is now preserved in the Jermyn- 
Strcot Museum, and from this, and other examjdes of the same 
species from Devonshire, the characters described below have been 
ascertained. The form of. the original specimen is incomplete ; it 
appears to have been pcar-shai)ed, but as only a portion of the dome- 
shaped summit is preserved, it is difficult to determine whether 
it possessed an entire roof, or whether there was a central aperture, 
as in IschadUes. Other specimens are open, cup- or funnel-shaped, 
gradually curving towards the base, which terminates in a small 
bluntly-rounded extremity with no appearance of stem or roots, 
so that these fossils were clearly free and unattached. The funnel- 
shaped specimens are frequently hollow, the peculiar granular 
crystalline matrix not having penetrated into ilie interior cavity, 
but their upper surfaces are invariably obscured by the matrix, so 
that I have been unable to ascertain whether these organisms had a 
complete dome-shaped roof or not. 

The outer surface is composed of an apparently close-fitting covering 
of spicular head-plates of hexagonal form (PL XXXVII. figs. 1, 1 h) ; 
but though the margins seem to be in intimate contact, narrow 
linear spaces filled with the matrix arc occasionally visible between 
them, and those interspaces arc very generally shown in the* granu- 
lar crystalline examples. The spicular plates are somewhat smaller 
in the basal portion, but in the middle and upper portions of the 
organism they are tolerably uniform in size, and, for the most 
part, regular hexagons in figure. The plates in the type specimen 
are smooth on their upper surface, nearly flat, and with a small 
central rounded elevation, which is only seen in the best-pre- 
served specimens ; in the majority of examples no trace of it is 
shown. They also exhibit numerous fine concentric lines, resembling 
lines of growth, and occasionally their margins are slightly elevated, 
sufficiently in some cases to cause a slight depression between the 
margin and the central protuberance. No structure can be seen in 
these head-plates, and their thickness appears to be inconsiderable. 
They are arranged in an extremely regular quincunx. 

In the hollow specimens (PI. XXXVII. fig. 1 a) the interior surface 
immediately beneath the summit-plates, is divided into oblong and 
quadrate spaces by vertical and transverse ridges. The vertical 
ridges run from the base to the upper portion of the specimen, 
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generally parallel with each other, and fresh ridges are intercalated 
as the width of the specimen increases ; the transverse ridges are 
generally less regular than the vertical, and are frequently curved 
and discontinuous. On closer inspection these ridges are seen to 
be composed of horizontal spicular rays, and the hexagonal plates 
above form the summits of the spicules (PL XXXYII. fig. 1 c). The 
horizontal rays are thickest at their central junction with the 
summit-plates, and they gradually taper to their extremities, where 
they are bluntly pointed. They arc not altogether equal in length, 
and they usually overlap at their ends. The lateral rays are also 
not unfrequcntly curved and thus give an irregular appearance to 
the transverse ridges. Central axial canals are clearly seen in the 
rays exposed in a polished transverse section of the type specimen. 
In the character of the horizontal rays, and in their disposition with 
respect to each other and to the head i>lates, there is the closest 
agreement with Iscliadites. It is doubtful, however, whether the 
spicules of Sphoerospomjia were furnished with vertical rays like 
those of Jschadites. Xo clear evidence on this point is afforded by 
the specimens which I have examined, and their present mineral 
condition is unfavourable for the preservation of minute details. 
The only evidence of the existence of a vertical fifth spicular ray is 
shown by a small knob-like point, projecting towards the interior 
cavity from the central junction of ihe four horizontal rays, and 
this may represent either an aborted ray or the fractured stump of 
a vertical shaft. There are, as may be supposed from the absence 
of the vertical rays, no traces of an inner layer, and scarcely a 
doubt can be entertained that, in this genus, as in Ischadites^ no 
inner layer existed. 

This genus is characterized by its form and by the regular 
hexagonal figure of the spicular plates, as well as by the presence 
of a small central knob in each, and also by the absence of vertical 
spicular rays. 

The first reference to this genus is by Mr. W. J. Broderip in a 
note to a paper by De la Beche on the Geology of Tor and Babba^ 
combe Bays, Devonshire *. Very good figures are given of the type 
specimen — which, how ever, only shows the character of the outer 
surface — and from these Broderip thinks that it may have belonged 
to the Tunicata. He did not, however, propose for it any generic 
or specific name. Some years later J. Phillips copied the figures 
given in De la Beche’s paper, and stated his belief that the fossil 
was a Cystidean allied to the genus EcJdnospJicentes^ Wahl. (Sphee^ 
ronites, Hisinger), and he named it Spha:ro7iites tessellatus. In 1855 
an imperfect example of the same species was figured in the ‘ Geology 
of Russia ’ t under the name of Echiaoi^phcEmtes tessellatus. In the 
same year, also, the late Dr. Bowerbank J instituted a somewhat 
fanciful comparison between S. tessellatus, Phill., and the small 
calcareous sponge Dunstervillia elegans ; and T. Austin §, referring to 

*■ Trans. Geol. Soc. (1832), ser. 2, vol. iii. pL xx. f. 1, 2. 

t By Murchison, Vemeuil, and Keyserling, p. 381, t. 27. f. 7. 

j Ann . & Mag. Nat. Hist. 1846, vol. xv. p. 299. § Id. p. 406. 
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Dr. Bowerbank’s paper, states that there can be no doubt that 
S, tessellatus is the calcareous skeleton of a spongiform body, and 
that Ischadites is of similar origin. In 1850-56 the brothers Sand- 
berger * figured two specimens from Vilmar and referred them to 
the proboscis of a crinoid. 

Hitherto only the characters of the outer surface of the fossil 
had been known; but in 1861 1 Mr. W. Pcngelly described the 
interior of a cup-shaped specimen as “ divided into a network of 
quadrilateral meshes by the interlacing of what may be termed 
horizontal ribs, the primary extending from tlie bottom to the top of 
the cup, and secondary springing from various heights in the sides 
or wall.” Though Mr. Pengelly did not recognize the spicular cha- 
racter of the ridges or ribs, he believed the organism to be a sponge, 
and gave it the name of SpUa rospomjia Ussellata. In the same year 
(1 861 ) the late Mr. J. W. Salter J, in tlie course of some remarks on 
Ampliisponfjia^ referred to the great Spluvronites pomum {=iS. tes~ 
sellatiu% Phill.) from the Devonian rocks, as a sponge allied to 
Gnfntia, and he also proposed the term Spliarospomjla for the Devo- 
nian species. He adds that the Caradoc fossil is of the same genus. 
No further reference to or description of this Caradoc fossil, thus 
stated to be congeneric with S, tessdlatus, Phill., is given, nor need 
I further refer to it hero beyond stating that it appears to be a fossil 
which has been named later Sp1uvro.pon(jia hoi^pitalis, Salt., and that 
it has neither generic nor family characters in common with the 
S[)ecies, which, alike by Salter and Pengelly, is put forward as the 
tyi)e of the genus. In oi’der to determine, if ]) 08 sible, the question 
of priority, as both the references to the name were published in the 
same year, I inquired of Mr. PengcUy, who informed me that ho 
could not be certain after such a long interval of time, but he 
thought it probable that the name wjis suggested to him by his friend 
Mr. Salter. As, liowever, the interior charact ers of the fossil were 
first described and figured by Mr. Pengelly, and the generic name 
definitely applied to this species, it seems to me only just, in the 
absence of decisive evidence as to the priority of publication, that 
he should be regarded as its author, even though Mr. Salter may 
have suggested the {i]q)ellation to him, and this course is further to 
bo recommended on the ground that Salter does not appear to have 
had any clear ideas of the structure of the type species, since he 
afterwards included in the genus Spharospongia a variety of forms 
which have no relation whatever with the type species. Whether, 
however, Pengelly or Salter be regarded as the author of the term, 
there is no doubt of the fact that S, tessellatm^ Phill., is the typical 
species, and therefore the doubtful forms afterwards placed in the 
genus by Salter and other authors have no claim to remain in it. 

KayBer§ refers the S, tessellatus, Phill., to Billings’s Pasceolus, 


* Die Versteinerungen des rlieinischen Scliichtensystems in 
385. 

t Geologist, vol. iv. p. 340, pi. v. 
t Mem. Geol. Survey, “ Geol. of Edinburgh,” p. 136. 

§ Zeitschr. d. dcutsch. geol. Gesellsch. 1875, p. 780, t. 20. 


Nassau, pp. 384, 
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with which, however, it has, in my opinion, no relationship. His 
specimens only show the exterior surface, and from this he judges 
that the organism must be a Foraminifer like HeceptaeuUtesJ* 
Fcrd. Homer * states that the relationship of S, tessellatns^ Phill., 
to JReceptcicuHtes cannot be doubted after Pengelly’s observations 
on its interior structure. He states, moreover, that Pengelly dis- 
covered in the interior of this form a mwaZ-system consisting of 
horizontal and vertical tubes, thus regarding the ribs mentioned by 
Pengelly as canals. F. Homer rejects the term Sjy^^^'ospongia on 
the grounds that even if the fossil could be shown to belong really 
to Salter’s genus, yet, as the name indicates a relationship to 
Sponges, it is inappropriate ; ho therefore proposed to substitute the 
term Polyfjonosplicet'ites instead. As, however, the typo form seems 
to me to be a sponge, Homer’s objection to its name loses its force. 


Genus Acantuociionia, Hinde, gen. nov. 

I propose this genus to include some shallow cup-shaped specimens 
from the Silurian strata of Hubowitz near Prague in Bohemia, where 
they occur in beds of the Etage E of Barrando. Though apparently 
very abundant, several specimens being oftentimes present in a single 
hand specimen of rock, only the outer surface is exposed to view ; 
but, judging from the exceptionally favourable state of preservation 
of the surface of these cup- shaped cxamjdes, and the invariable 
absence of any traces of summit structures, there scorns good reason 
for supposing that they retain their original and complete form. I 
have not, however, been able clearly to make out the natural 
margins of the cup, which arc always enclosed by the matrix, and 
only indistinctly shown, even in vertical sections through the 
specimens. The base is either evenly rounded or with a shallow 
concavity in the centre ; there is no trace of any attachment, and 
the forms were evidently free (PI. XXXVIT. fig. 2). 

The outer surface is composed of spicular plates, usually rhom- 
boidal in form, though in some cases the proximal and distal angles 
of the rhomboids are slightly truncate and the plate becomes 
approximately hexagonal. The outer or upper surfaces of the plates 
are flat, smooth, and exhibit the same horny lustre as in the Djupvik 
examples of IschadiUs. Concentric lines of growth are also apparent, 
though not so clearly marked as in Splicer ospowjia ; and occasionally 
there are traces of a central knob-like elevation in the plates, as in 
this latter genus. At the nucleus or centre of the base there is a 
small circle of eight spicular plates arranged in a star-like form. 
The mode of arrangement of the plates in spiral curves, as well as 
the insertion of fresh rows, is precisely similar to what has been 
already described in Ischadites, The spicular plates fit at their 
margins, but not so closely as to preclude the possibility that a 
narrow channel may have existed between them originally, and this 


* Leth. Pal. Th. i. p. 297, fig. 54. 
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is also indicated by the delicate concave casts of the outer surface, 
in which the individual' plates are marked out by thin raised ridges, 
which are thefiUed-up spaces which existed originally between them. 
The slightest degree of weathering also is sufficient to clearly expose 
the intermarginal channels and tenuity of the edges of the plates. 
In this form, too, the distal spicular rays, that is, those which point 
to the margins of the cup, project in some instances beyond the 
distal angles of the summit-plates, and extend to nearly the centre 
of the plates immediately in front. Owing, however, to the calcitic 
replacement which has taken place, both the rays and the plates 
over which they extend appear as if welded into one continuous 
mass. 

The horizontal rays beneath the summit-plates are but seldom 
exposed in the specimens of this genus, but in a few instances in 
which the plates have been weathered, they exhibit the same 
character and arrangement as in Ischadites, In vertical sections, 
passing through the centre of the base of the specimens, there is 
shown, immediately beneath the outer surface, a continuous layer, 
from 1 to millim. in thickness, of crystalline calcite, in which no 
structure whatever can be seen; projecting beyond this mass, 
however, there are numerous straight or slightly curved tapering 
shafts or rays which terminate acutely. These rays are smallest in 
the basal portion, and reach their maximum size about halfway 
between the base and the margins of the cup. They project at right 
angles to the summit-plates from beneath which they originate. 
These rays are completely surrounded by the hard matrix of 
greenish grains and fragmentary organisms, and the natural termi- 
nations of several can be distinctly seen. As in Ischadites, they end 
quite free in the concavity of the cup, without being attached to an 
inner layer as in Heceptaculites (PI. XXX VIT. fig. 2 e). The thick band 
of crj'Stalline calcite surrounding the interior of the cup appears to 
have been produced by the amalgamation into an undistinguishable 
mass of the summit-plates, the horizontal rays, and the basal 
portion of the vertical rays. 

The distinguishing character of this genus is an open cup-like form 
into which the vertical spicular rays project. It resembles Ischadites 
in structural details, but differs therefrom in the absence of a 
covered-in summit, enclosing a central cavity. From Sphesrospongia 
it is distinguished by the generally rhomboidal form of the spicular 
plates, and the well- developed vertical rays. The absence of an 
inner layer marks this genus off from Receptaculites, For the typo 
species, which appears hitherto to have passed under the name of 
Ischadites Kmxigii, I propose the specific name Barrandei, The 
specimens from which the above description is taken are in the 
British Museum of Natural History. 

The only previous notice of this form, of which I am aware, is 
by Ferd. Komer who remarks that it differs specifically, if not 
genericaJly, from Ischadites Kcenigii, to which it had usu^y been 
referred. 

* Leth. Pal. Th. i. p. 292. 
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Genus Receptaculites, Defrance, 1827. 

BeceptamliteSf Defrance, Dictionnaire des Sciences Naturelles, t. 
45, Atlas, pi. 68. 

The typical examples of this species to which the author gave the 
name of R, Neptuni were from Devonian strata at Chimay in 
Belgium, and consisted, judging from the figures, of two individuals, 
one cup-shaped and the other a flat disk-shaped specimen. The cha- 
racters of these specimens were evidently very imperfectly preserved, 
and the author merely refers to an outer surface of rough markings 
and protuberances arranged in regular curved lines, and an upper 
surface exhibiting round shallow holes. Succeeding writers, with 
the exception of Salter and Billings, have based their descriptions 
of the genus upon specimens of the same species from Belgium and 
Silesia, whilst these latter authors have referred more particularly 
to species from a lower geological horizon in Canada and Australia, 
which, in some structural details, differ from the Devonian forms 
described by Dames, Giimbel, and others ; but it is doubtful if these 
differences really exist or are merely owing to the imperfect 
preservation of the specimens. The following description is from 
the study of specimens from Devonian strata in Belgium, Silesia, and 
Canada, and from Silurian strata in the United States, Canada, the 
Arctic regions, and the Baltic. 

In outer form the examples of this genus are open cup-shaped or 
flattened expansions with a circular outline and sometimes with 
slightly incurved margins. Numerous gradations occur between 
cup- and platter-shaped examples of the same sjiecies. In some 
specimens there appears to be no tendency to an incurvature at the 
margins, even in very largo forms, such as those of IL occidentalis ; 
while in others there is a short upward curvature, so that when 
complete they must have resembled a wide, shallow, dish. The 
nucleus, or starting-point of growth, is usually a small obtusely 
conical projection, which in no wise served as a point of attach- 
ment, and the organism is invariably free. Whether the margins 
of the cup were open or covered in any way is uncertain, as in no 
case is the structure of the upper edge clearly shown. There seems 
no evidence in favour of the supposition of Mr. Billings that the 
complete specimens of this genus possessed dome-shaped or conical 
summits similar to those of Ischadites, for though platter- and cup- 
shaped examjdes are abundant in certain strata, and apparently 
perfect as regards their outer form, yet in no single instance has an 
upper portion been discovered in connection with them ; and if we 
take into consideration the numerous instances in which the smaller 
and more delicate forms of Ischadites still retain their complete form 
and conical summits, the conclusion appears justifiable, as G umbel 
has already remarked, that the specimens of Receptamlites were 
originally of the form in which they are now found as fossils. No 
specimen has yet been found to correspond with the diagrammatic 
representation which Mr. Billings * has given of a supposed complete 
example of the genus. 

* Pal. Foss. Tol. i. p. 378, f. 353. 
aJ.G.S. No. 160. 3 I 
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Taking first into consideration the structure of the outer or under 
surface of the fossil, we find that it consists of a layer of rhomboidal 
spicular plates of the same character and disposed in precisely the 
same manner as those in IscJiadites and AcanthocJionia. I have not 
been able to ascertain definitely the precise form of the nucleus or 
commencement of growth of the spicules, but it is probably similar 
to that of the genera already described ; the plates in the centre 
are the smallest, whilst those in the central and peripheral portions 
of the organism are the largest. The outer surface of the spicular 
plates is flat, and their margins arc very thin and delicate ; the 
central portion was firmly united to the rest of the spicule imme- 
diately above the horizontal rays. There appear in this genus also 
delicate linear inters]) aces between the margins of the plates, which 
are particularly conspicuous in silieifled specimens which have been 
freed from the calcitic matrix : the inters])aces, however, in these 
forms may be partly owing to the destruction by the acid of the 
delicate edges of the jdates. No structure is visible in the summit- 
plates ; when silieifled they are ai)parcnily compact, whilst in the 
calcareous forms, when the surface is gently rubbed and polished, 
radiating fibrous crystals of cal cite, oftentimes intermingled with 
iron-peroxide, are exposed. 

According to G umbel*, the spicular plates (Kalkplattchen) of 
Bf'ceptaeulites consist of three distinct layers — (1) of a thin carbo- 
naceous layer, (2) of an upper layer of crystalline calcite, and (3) of 
an under layer of the same material ; and there seems therefore a 
notable discrepancy between his observations and my own that the 
plates arc composed of a single, relativolj' thin, structureless layer. 
This discrepancy is, however, more apparent than real, since the 
spicular plates as I have defined them correspond to only the second 
or upper calcareous layer of Giimbel. The carbonaceous surface- 
layer, which Giimbel describes as extending completely over both 
the outer and inner surfaces of the organism, appears from his 
description to be of a very dubious character. From what I have 
seen of the Ober-Kunzendorf* specimens in which it is said to occur, 
I should judge that it would arise from a slight mineral deposit 
in crusting the surface of the fossil ; but if, as Giimbel asserts, one 
or two layers of cellular structure are shown in thin sections of 
this surface-layer, they would, to me, rather indicate the presence 
of an incrusting coral or polyzoan than, as GKimbel supposes, an 
original outer covering of a coriaceous or keratose consistency. No 
mention of this carbonaceous layer has been made by any other 
independent observer, or in any examples from other localities than 
Ober-Kunzendorf, and Giimbel himself does not attach any particular 
import/ance to it. In the upper calcite layer of Giimbel, which is 
the equivalent of my summit-plates and the ectorhin of Billings, 
this author does not appear to have observed more than radiating 
fibrous grooves, probably of mineral origin. The lower calcitic 
layer of GiimbeTs KalJcpldttcJien comj^nses the horizontal spicular 
rays, and I agree with Billings in regarding these structures, which 
^ Beitr. p. 21. 
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are only united with the summit-plate at the common centre of the 
spicule, as distinct from the summit-plate itself. 

The horizontal rays, the equivalents of the stolons of Billings, the 
Stiitzarme or Epistyle of Giimbol, are only seen when the summit- 
plates of the spicules have been partially or entirely removed by 
natural or artificial means, and they then appear as four short rays 
radiating from a common centre, which also coincides with the 
centre of the head plate. Their arrangement is precisely similar to 
that in Tschadites, but they are very much smaller and slenderer 
in proportion to the dimensions of the vertical ray of the spicule, 
than in this latter genus, and consequently less resemble normal 
hexactinellid spicules. The horizontal rays of each spicule, as in 
Iscluidites, are distinctly free from the rays of adjoining spicules, 
and very frequently they overlap each other [ind rest side by side. 
This fact is clearly recognized by (3 Umbel*; but Billings t supposed 
that they were connected with the rays of adjoining spicules, though 
they are shown in his diagram as meeting each other, but not in 
contact. 

In the silicified specimens of R. oa- Idenlalis from which Billings’s 
description was taken, the oxtromilies of the spicular rays appear 
to be invariably incomplete after treatinont with acid, so that ho bad 
himself no ojjportunity of observing their natural termination. In 
the same specimens, the peculiar fact is shown that the horizontal 
spicular rays are uot all strictly in the same plane, or at right 
angles to tlio vertical raj^, for while this is the case with the lateral 
rays, the distal and j^roximal rays arc slightly ohliciue, so that 
the proximal ray, or that pointing to the nucleus, projects 
slightly upwards, while the distal or opposite roy extends slightly 
downwards (PL XXXVII. figs. I, m). The four horizontal rays 
are traversed by axial canals, which unite with each other and with 
the canal of the vertical ray at the central })oint of junction of the 
spicule. I have not been able to detect more than four horizontal 
rays with their corresponding canals in any of the specimens of 
R. occidentalism and Giimbel refers to four only in the specimens 
which he examined ; hut in the cast of a s])ocimen from Oher- 
Kunzendorf figured by I)ames+, and which through the kindness of 
Prof. E. Burner 1 have had an opportunity of seeing, there are, in 
addition to four well-marked horizontal rays, small subordinate rays 
apparently radiating from the central point of junction of the 
spicule, in a similar manner to those of certain spicules of Holas- 
tendla conferta §, Garter. 

It will not he necessary to again describe the different aspects of 
the surface of the organism in different conditions of fossilization, 
since the subject is referred to in treating of Tschadites, and there 
is no difference in the aspect of Receptaculites under similar con- 
ditions ; but whilst no silicified examples of the former genus are 
known, they are not uncommon in one species of Receptaculites 

* Beitr. p. 29, t. A. fig. 4 6. t Pal. Foss. vol. i. p. 380. 

t Zeitsch. d. deutsch. geol. Gosellsch. Bd. xx. p. 484, t. 10. f. 1. 

§ See Cat. Foss. Sponges, Brit. Mus. p. 152, t. 32, f. 2. 
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and exhibit the structure more clearly than any of the calcitic 
specimens. 

The vertical spicular ray in Receptacidites (the cylindrical tube 
or hollow spicula of Billings ; the Biiulchen of Giimbel) is usually 
straight, and nearly cylindrical for the greater part of its length, 
but near its junction with the horizontal rays it somewhat suddenly 
contracts to form a short neck, and above this it expands and gives 
off the four horizontal rays already described, which are caj)ped by 
the summit-plate. At its opposite extremity, the vertical ray is 
modified to form the substance of the inner layer. In most, if not 
all, of the speci(5s of liecepit indites^ the vertical ray exhibits the same 
peculiar neck-like contraction. In none of the silicified specimens 
which T have examined arc there any traces of the so-called 
“ intermediate small connecting stolons along the columns ” mentioned 
by Salter ■wliioli probably arise from chance fragments of silica in 
the interspaces between the columns. The surface of the vertical 
ray a])])ears to have been smooth, although in some cases the mould 
(‘xhibiis slight transverse furrows, but whether these markings arise 
from the fossilization, or indicate constrictions in the rays, I am 
unable to determine. The vertical ray is also penetrated by an 
axial canal which connects with the canals of the horizontal rays 
{ibovo and ‘with the horizontal canals of the inner layer below. The 
rays are, in conformity wdth the thickness of the specimen, relatively 
short near its nucleus, and of greater and nearly equal length in its 
central and peripheral ])ortions. As seen in sections of decalcified 
specimens, the vertical rays appear as so many curved rows of 
vertical pillars, each of w'hich is separated from those surrounding 
it by an interspace of about half its own thickness, and each spicule 
com]) 08 ed of the vertical and horizontal rays and the summit-plate 
is entirely independent except at its basal end, whore, as already 
stated, it is united to and forms part of the inner layer. 

The structure of the inner or u])per layer of lieceptamlites 
(endorhin of Bilb’ngs ; innere Hiille, Giimbel) has not been ascer- 
tained so definitely as that of the exterior portion of the organism, 
owing to the rare cases in wBich it is preserved. The descriptions 
given of it by Dames and Giimbel, which have been taken from thin 
sections or etched surfaces of JK. Nepiani, do not agree with those 
of Billings, wdiich are based on the study of silicified specimens of 
R, ocA-idnitalis. In specimens of R. Neptuni from Belgium which 
I have seen, this inner layer is ojily shown in vertical sections as a 
thin delicate line of iron peroxide in which no structure whatever 
is visible ; but in a Canadian example of apparently the same 
species, the inner layer, though only consisting of iron peroxide, 
exhibits well-marked perforations, the same as in R, occidentalis. 
Again, in another specimen of this species from Devonshire, the 
inner ends of the vertical rays appear to pass into circular or 
rhomboidal plates, but I cannot determine if these are united 
together to form a continuous layer. 

In R. occidentalism the inner or upper layer appears to be funda- 
* Oanad. Org. Eem. dec. 1, p. 46, t. 10. f. 4a, b. 
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mentally composed of modified extensions of the basal ends of the 
vertical rays of the spicules. Instead of tai)ering to a pointed 
extremity as in Ischadites and Acanthochonia^ the vertical rays, in 
this species of lleceptamliteii^ continue C3diDdrical to near their basal 
extremities, and then abruptly expand into horizontal plates. These 
plates have four straight sides, but at each of the corners there is 
a semicircular or semiolliptical vertical hollow. Each plate appears 
also to be traversed by four horizontal canals, which radiate from 
the centre, where they arc in connection with the canal of the 
vertical ray. The inner surface of the plate is flat; the upper 
surface, or that which is exposed in the cup or disk, is oftentimes 
convex and deeply ridged and furrowed (PI. XXXYIT. figs, ti c -fj). 
These plates are intimately united together so as to form a continuous 
inner or upper layer. The delimitations of the separate plates in this 
layer are not always preserved ; in many specimens they appear to 
have been completel}^ obliterated, and the layer resembles a continuous 
plate with numerous cylindrical or elliptical canals which penetrate 
through it at right angles. These canals are formed by the apposi- 
tion of the vertical hollows in the corners of the plates of which it 
is primarily built uj). On the inner side of the plate, facing the 
interior cavity, the canal-apertures are evenly circular or elliptical, 
but on the outer surface they frequently enlarge and extend into 
irregular open channels, which run between the cajials and across 
the intermediate surface. The horizontal canals in the substance of 
each plate also appear, when the plates are amalgamated together 
in one laj^er, to intercommunicate together. Tliis inner layer, 
though primarily formed of plates developed from the basal ends of 
the sjjiculcs, appears, when complete, to form an independent 
membrane, and to be distinct from the vertical rays, which readily 
break oft' at their junction with its inner surface. It is thus 
entirely different from the spicular plates which compose the outer or 
under surface of the organism, which are clearly distinct from each 
other and form the head of each separate spicule. The inner 
surface of a silicified example, when freed from the matrix, shows 
indeed, at a superficial glance, an apparent division into component 
plates, but when closely examined this effect is seen to be produced 
by the regular lines of perforations and the deep furrows connecting 
them. 

It will be scon that my observations of the structure of the 
inner layer or endorhin of R. occidentalis agree with those of Mr. 
Billings. The diagram* which this author has given of the body- 
wall of Receptaculites, conveys an erroneous idea of the structure of 
the inner wall on account of the greatly exaggerated distances 
between the columns or vertical rays. In reality these are only 
about one half their own diameter apart ; and if, in the limited 
interspaces between them, room is allowed for the vertical canals, it 
will be seen that the horizontal canals are necessarily very short. 

Gumbers t description of the inner layer of R. Neptuni varies 
* Pal. Foss. Can. p. 382, fig. 357. 
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considerably from that of R. ocddentalis. He states that the 
vertical spicular rays (Saulchen) increase in thickness towards the 
inner integument, near to which they contract and again expand to 
form a support to the calcareous plate proper of the inner layer. 
The expansion however is not decidedly four-armed, but a greater 
number of thicker irregular branches, with apparently lateral 
branchlets, radiate from the pillar. These are not united by growth 
with the main plate. Small canals also run through the plates, 
though they are only recognizable with difficulty. Thus the plates 
of tho inner integument consist of a principal calcareous layer and 
a radiating under layer extending from the pillars. There is also a 
very thin surface layer of claik carbonaceous material resembling that 
of the outer integument, but wdth a distinctly marked granular 
surface, (liimbel further states that, after repeated careful obser- 
vations, he is firmly convinced that there does not exist any perfora- 
tions in the angles of tlm plates of the inner integument of E. 
Neptuni, and that these perforations cannot be considered as one of 
the characters of the genus. He thinks, however, that communication 
with the exterior took place by means of small channels between 
the sutures of the plates, into which also the branching canals from 
tho pillars certainly extended. 

Notwithstanding the apparently fundamental differences in the 
structure of the inner layer of R, oandentalis and that of R, Neptuni, 

I am still of opinion that the characters shown in the silicified 
examples of the former species probably represent with greater 
accuracy those of the genus than those which Gumbel has described 
in R, Neptuni, It is quite possible that in the replaced calcified 
specimens, which can only be seen in sections or etched surfaces, the 
real characters of the inner layer may be so concealed or altered as 
not to be recognizable, and that therefore greater dependence should 
be placed on the silicified examples, in which all the other characters 
of the organism are better preserved than in the examples with 
skeletons of crystalline calcite. 

The characters of the genus Receptaculites may be briefly summed 
up as follows : — Oup- or platter-shaped bodies of considerable size, 
with walls of definitely arranged spicules. Tho outer surface is 
formed by tho rhomboidal head-plates of the spicules ; beneath these 
are the horizontal rays, and robust subcylindrical vortical rays, 
which are connected with an inner layer or perforated plate. 
Communication with the exterior was carried on between the mar- 
gins of the summit-plates of the spicules on the outer surface, and 
through the cylindrical canals of the inner surface layer, or, accord- 
ing to Giimbei, through intermarginal canals. 

From all the other genera of the feraily, Receptaculites is distin- 
guished by the possession of an inner layer. 

It seems unnecessary to give a detailed history^ of the genus, 
since this has been sufficiently shown in the previous part of the 
paper. By the earlier authors, Hefrance and Eichwald, the hollow 
casts of the vertical spicular rays were regarded as polyp-cells and 
tho form was placed amongst the Corals ; it was next placed by 
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Salter amongst the Poraminifera, as allied to the family of the 
OrbitolitidsB ; Billings placed it with Sponges on account of a 
supposed resemblance to the gemmulas of Spongilla ; it was again 
relegated to theEoraminifera by Dames, who placed it as the type of 
a family near the Orbitoliiidae ; and later Gumbel retained it in the 
same order, but included it in the family of the Dactyloporidse. 
But since the typical forms of that family have been proved to be 
calcareous Algae, the systematic position of Eeceptaciditea has been 
regarded as very doubtful, though F. lldmer still retains it pro- 
visionally amongst the Foraminifera, as also does such an authority 
on this order as Eupert Jones. Zitiel, however, rejects it from the 
Foraminifera, and leaves its position uncertain. 

IV. The Affinities and Systematic Position of the 
EeceptaculitidjE. 

The different genera of this family have been variously referred, 
by those who have studied their structures, to such widely diverse 
divisions of the animal kingdom as Foraminifera, Sponges, Corals, 
Cystideans, and Ascidians, and they have also been supposed to 
belong to the vegetable kingdom and referred to fossil cones. It is 
not necessary to dwell on their supposed relationship to the three 
last-mentioned groux)s of animals, since it is now generally recog- 
nized to have been based on an entire misconception of the true 
structure of these fossils. Tlie resemblance to Corals originat ed in 
the idea that the hollow cylindrical cells, which are really only the 
casts of the vertical spicules, were in fact the cells inhabited by 
the polyps ; and their supposed likeness to Cystideans and Ascidians 
arose from a fancied similarity in the character of the spicular 
plates of the outer surface to those constituting the external 
skeleton of these animals. Later writers have either referred them 
to Foraminifera or Sponges. The prevalent opinion of paleon- 
tologists to within a recent period has been in favour of their 
alliance to the first of these two orders ; but since the particular 
division of the Foraminifera in which Gumbel placed them has 
been shown to be of plant and not of animal origin, the opinion 
has been expressed that this family should bo considered as an 
extinct group without any recognizable near affinities to any other 
division of the animal kingdom. It seems difficult to understand 
the reasons for ranging any of the genera of this family under 
Foraminifera, since in no single important feature is there any 
resemblance to typical examples of this group ; neither in form, size, 
nor internal structure is there any correspondence with either fossil 
or recent Foraminifera, and only on the supposition of Salter * that 
the now solid parts of the organism were originally filled with 
living sarcode, whilst the intermediate spaces were occupied by the 
calcareous skeleton, could a strained resemblance bo found between 
Eeceptaculites and the family of the Orbitolitidie. Salter t himself, 

* Canacl. Org. Eera. dec. 1, p. 46. 

f Mem. Geol. Survey, 1801, p. 130. 
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however, afterwards relinquished this comparison, and ranged this 
genus under Sponges. Even accepting Gumbers own definition, 
that the skeleton in this genus consists of outer and inner walls 
composed of individual plates supported by pillars extending be- 
tween them and enclosing the sarcode, there does not appear to be 
any feature distinctively resembling foraminiferal structure, for no 
undoubted Eoraminifer possesses walls of individual plates and a rela- 
tively enormous interior cavity without any partition into chambers. 
If, however, in lieccptaculiies no resemblance to Foraminifera is mani- 
fest, still less support for tViis comparison is afforded by the structure 
of th(i other genera of the family, in which, as we have seen, there 
is no skeletal inner wall. 

It cannot be said, howciver, that those who advocated the relation- 
ship of this family to S])ong(58 brought forward any satisfactory 
]>roofs of the {illiance. Ilius, for exam])le, tessellata, 

I’hill. s])., was regarded by J)r. llower]>ank and Mr. Austin as a 
caleareous s]>onge, on the ground that the spicular plates of the outer 
surface were sirnihir in structure and arrangement to those of 
Burnt crvUVKi (St/candra, Hiick.) eke/ans, though there is no reason 
for supj)osing that the plates of Sph(f’ros])Ou(f i((, like those of Dunster- 
v'illia, were made uf) of a multitude of inicroscojuc aeerate spicules ; 
and further, whilst in the former genus there are large spicular 
rays Ixaieath the plates, in the latter there arc cylindrical or conical 
tul)es hounded by spicules ; nor can any definite homology be 
shown between the structure of JlecepUfctdiicft and its allies and 
that of the gemmulm of fresh-water sponges, with which it was 
compared by Mr. Billings. Independently of the enormous dispro- 
portion in size, in no case do the minute birotulate spicules of these 
latter bodies assume the regular form of the spicules in the 
lleceptaculitidm, that is of a summit-plate, with four horizontal rays 
beneath, and an elongated vertical ray either terminating freely 
or connected with a continuous inner plate. It is only in the 
genus IscJiadifi's, moreovcT, that there is an approximation in outer 
form to the gemmuhe of /Sponffl/la, for we have seen that in 
Acanthochoma^ Jkcrpt<(ct(lit('s, and probably also in Spharospongia^ 
the outer form is either cu])- or ])latter-sha])ed. 

But though !Mr. Billings's com])arison of lleceptacidites to these 
minute gemmuhe cannot be entertained, yet to him is due the merit of 
having recognized a resemblance between what, he termed the cylin- 
drical shaft and stolons of this genua and the spicules of sponges. 
He states * that “ each tube, with its cylindrical shaft and plate at 
each extremity, resembles not remotely a birotulate spiculum, or it 
might perhaps with more probability be described as consisting of 
two spicula united at their points. Thus the ectorhinal plate with 
the four stolons may be a peculiar form of the foliato-peltate spicule. 
The cylindrical shaft may be a spiculum approaching the acuate or 
aeerate varieties, with its point inserted into the nucleus of the 
foliato-peltate spiculum.” 

The knowledge that has been gained in the last few years of the 
* Pal. Foss. Can. p. 387. 
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structure of recent and fossil siliceous sponges, makes it easier now 
to institute a comparison between them and the Eeceptaculitidae 
than at the time when Mr. Billings wrote, and I now propose to 
show tho extent of the resemblance. 

First as regards the outer form. Though this is such a variable 
feature in sponges that but little importance can be attached thereto, 
yet the fact that in outer form the various members of the Be- 
ceptaculitidse are either platter- or cup-shaped, or conical, enclosing 
a central cavity with a summit aperture, is not without its signi- 
ficance when we consider that these are the commonest forms 
assumed by both recent and fossil sponges. Another feature too in 
which the Beccptacuhtidac show a resemblance to undoubted Palaeo- 
zoic sponges is the uniform absence of any point of attachment, 
so that the organism was perfectly free ; thus contrasting with tho 
usually attached Mesozoic and recent s])onges. Ford. Itdiner* has 
called particular attention to this fact in connection with the 
Palaeozoic genera Aaiylospongia, Aidocopkim^ and Astrmospongia^ and 
also to the further circumstance, that the Paheozoic sponges do not 
form united colonies, but are distinct individuals, and this is tho 
case also with all tho members of the lleceptaculitidic. 

The only structural elements of tho skeleton of the lieceptaculitidac 
(if we except the inner layer of the genus lieciplacvliies itself) 
consist of tho spicules, and thcise appc;ar to irie to be distinctly 
homologous with tho sjncules of h(?xactinollid sponges. ^I^e simi- 
larity between tho four horizontal rays and the vertical rays of the 
spicules of this family and tho same elemcmis of the spicules of 
ordinary hoxactinellid sponges is so close that it cannot fail to be 
recognized. The rays radiate at right angles to each other from a 
common centre; they gradually taper fiom tlio centre to their 
extremities (with the exception of the vertical ray in lieccptacuUtes, 
which connects with the inteiior plate) ; and each ray is traversed 
by an axial canal which unites with the canals from the other rays 
in the central junction of the spicule, A resemblance (though not 
to hoxactinellid spicules) is also presented by the peculiar neck-like 
contraction of the vertical spicular ray immediately beneath tho 
horizontal rays in RtceptacKlitcs, to the spicules of Cretaceous 
examples of Geodia^ such as Geodia clavata, Ilindet, and G. coronata^ 
Hinde, in which there is a similar contraction immediately beneath 
the head-rays. In ischadites and Acanthochonia, five rays of the 
normal hoxactinellid spicule are 'well developed and terminate freely 
in obtusely pointed extremities, whilst in Sphoeruspowjia and liecep- 
taculites only four rays are normal, tho fifth or vertical ray in the 
former genus being apparently represented only by a short blunted 
process, whilst this ray in the latter genus is not free at its basal 
extremity, but organically attached to an inner plate. 

But though the analog}^ between the horizontal and vertical rays 
of the spicules and those of recognized hexactincUid sponges is 
readily apparent, yet this is not the case with the summit-plate or 

* Leth. Pal. Th. i. p. 306. 

t FoBsil Sponge-spicules from the Upper Chalk, pi. ii. 
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head of the spicules, which in all the ReceptaculitidsB is either 
rhomboidal or hexagonal in figure, very thin at its margins, but 
thicker at the central junction of the spicule, where it unites with 
the other rays. By those who have written on the group, this 
spicular plate has been regarded as a distinct integral portion of the 
organism, independent of the rays beneath, whereas it appears to 
me to have formed a constituent part of the spicule with which it 
was connected at the central point of junction with the horizontal 
and vertical rays. If the plate were separate from the rest of the 
spicule and formed by itself a dermal plate or surface-covering over 
the organism, it is difficult to explain how it would have been 
retained in its position ; in the instances in which it is absent, this 
arises from weathering or the efiects of fossilization, which have 
similarly affected the rays beneath. 

In no other hexactinellid sponge, so far as I am aware, are there 
any spicules with similarly constituted head-plates ; in many, how- 
ever, no sixth or siimmit-ra}^ is developed ; but in some of the 
abnormal spicuh^s of the (larl)onifcroiis si)onge, Hyalostelia Smitliii* * * § , 
Young and Young, sp., the sixth ray is in the form of a rounded 
knob. We liave only to consider that the sixth ray in the spicules 
of the lleccptaculitida?,, instead of being contracted to a knob merely, 
as in tlK‘ (/arhoniferous sponge, has been developed in a horizontal 
direction, and by additions to its margins has assumed the regular 
rhomboidal or hexagonal figure? by which it is adapted to fit in with 
the adjoining spicular plates to form an exterior layer to the or- 
ganism. Strong confirmatory evidence of the theory that the 
summitr-plates of the spicules are modifications of the sixth ray in 
the ordinary hexactinellid spicule, is afforded by the small blunted 
knob which projects in the centre of these summit-plates in the best- 
preserved examples of Bpluvrosixmyia, and traces of which are also 
present in Acanthochonia. In these forms we find the commence- 
ment of the sixth or summit-ray iji the smaU central knob, from 
which, as a centre, the plate is develo]>ed horizontally by successive 
marginal additions. 

But though, in regular hexactinellid sponges, spicules with hori- 
zontal summit-plates are unknown, yet in certain lithistid sponges 
there are spicules with specially modified summit-plates, adapted 
for the outer surface of the sponge, which may, though in a some- 
what distant degree, be compared with the spicular plates in the 
Itecoptaculitida\ Thus, in the Cretaceous genera Plinthosella^ Zitt.f , 
liayadinia, Zitt. and Pholnlocladia, Hinde, and in the existent 
genus Discodermui, Bocage§, the outer surface of the sponge is 
covered with a layer of minute fiat scale-like spicules, some with 
entire, others with lobate margins. In some a small shaft projects 
at right angles from the centre of the underside of the spicule, whilst 

* See Cat. Foss. Sponges Brit. Mus. pi. 32. f. 1. 

t See Hinde, Foss. Sponce-spicules, t. 4. f. 35-40 ; and Oat. Foss. Sponges, 
pi. 20. f. 4rt. 

1 Oat. Foss. Sponges, pi. 20. f. fyh. 

§ Sec Carter, Ann. & Mag. Nat. Hist. ser. 5, vol. vi. pi. 8. 
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in others it is absent, and only the plate remains. Now these scale- 
like spicules are, in reality, modifications of three of the four divergent 
rays of the normal lithistid spicule, and they vary as much from the 
usual development of these rays as do the summit-plates in Recepton 
culites from the normal sixth ray of the hexactinellid spicule. 
These lithistid surface-spicules show at least the possibility that 
under special conditions tlie normal cylindrical rays may develop 
into horizontal plates ; and if this is the case in lithistid sponges, 
there is reason to supose that a similar change might take place in 
hexactinellids as well. But though it may he conceded that no close 
resemblance exists between the summit spicular plates of the Eecep- 
taculitidm, and the modified sixth ra)" of the normal hexactinellids, 
yet this difference is insufficient in my opinion to outweigh the close 
similarity which occurs in other rays of the spicules. 

In addition to similarity of form, the disposition of the spicules in 
the lieceptaculitidm closely resembles that in some normal hcxacti- 
neUid sponges. This is most strikingly shown by a comparison with 
the Cretaceous gejius Cindiderma, Hinde ■*', in which there is a sur- 
face-layer of five-rayed spicules ; four of. the rays are so arranged 
horizontally that their extremities overlap eacli other, and form 
definite rectangular interspaces, of a similar character to those 
which are produced by the horizontal rays in Jscliadite^; whilst the 
fifth ray projects invariably in the same manner as the vertical spi- 
cular ray in the latter genus. In the Silurian hexactinellid genus 
Plectoderma, Hindef, there is also a surface-layer composed of spi- 
cules with four horizontal rays and entering vertical ray, but there is 
not the definite quadrate arrangem(.‘ijt present in Ischadltes, In the 
Cambrian hexactinellid genus .Protospom/m, Salt. J, the surface- 
squares arc formed also by the four horizontal rays, and in this genus 
the fifth ray of the spicule is not developed, thus resembling /^phoiro- 
spoTKjia. The resemblance of the surface of this sponge to that of 
Receptaculites induced Giimbel to place it in the same group with the 
latter. The Devonian genus Dictyophyton, Hall, has also the same 
regular arrangement of the surface into (jiiadrate interspaces, and 
though the spicules in this genus have not yet been discovered, there 
can hardly be a doubt that they were similar to those of Proto- 
spongia and Plectoderma. It is not without significance that, both 
by M'^Coy and by Terdinand Eumer, examples of Dictyophyton have 
been placed in the genus Teirayonis., Eichwald, which, as wo have 
seen, is synonymous with IscJiadltes^ Murch. 

With respect to the relative dimensions of the spicules of the Re- 
ceptaculitidm, and those of recognized hexactinellid sponges, it may 
be stated that though in some of the species of Receptaculites 
itself, the individual spicules arc considerabl}' larger than in 
any known sponge, yet there is not so great a disproportion as to 
render a comparison fanciful or extravagant. Thus, in R. arcticus, 
Etheridge, the largest form of the family known, the spicules are 
from 10 to 18 millim. in length, and about 3 millim. in thickness ; 

* Cat. Foss. Sp. pi. 28. f. 1 a-d. 

t Id. t. 31.f. 1. t Id. pi. 28. f. 2. 
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whereas in hexactinellid sponges of the genera Hyalostelia, Zitt., 
and Holasterella^ Cart., the spicules reach a maximum length of 9 
millim,, and a thickness of ’5 to *9 millim. But, on the other hand, 
in the genus Ischculites^ the spicules are not at all larger, and many 
of them are in fact much smaller than the surface-spicules of Palaeo- 
zoic and Jurassic hexactinellid sponges. 

The only other structural feature which remains for comparison is 
the inner or upper surface-layer which, as we have seen, is only de- 
veloped in the genus RecepUiculites. . As already mentioned, the 
structure of this plate in the typical example of the genus, R, Nejptuni, 
is not definitely known, but in the allied species, R. occMentalis, it 
consists of a continuous layer or plate, perforated vertically by canals 
giving access to the interior of the specimen, and also with short 
horizontal canals crossing each other at right angles, penetrating its 
substance, and communicating at their points of intersection with 
the canals in the vertical rays of the spicules. In its complete form 
this inner plate a])j)oars to me to be analogous to that which forms 
the inner or iipyier wall of the Jurassic hexactinellid genus Poroey- 
peUia^ PomeP. 

The circulation of water through the organism in the Eeceptacu- 
litida3 appears to have followed a similar course to that occurring in 
sponges generally, li seems to have found admission through the 
narrow linear apertures beween the margins of the spicular plates of 
the outer surface, and after passing through the interspaces between 
the s])icule8, which in the living state were lined by the sarcode, to 
have found its exit through the aperture in the summit of Isdia^ 
elites, or through the pcribrated inner layer in Receptaculites, or freely 
into the open cups of Aixinfliochonia and Sp)licerospongict, 

The resemblances referred to above appear to me to justify the 
conclusion that the Kcceptaculitidm constitute a family of siliceous 
Hexactinellid Sponges. The body-walls are composed of spicules of 
the hexactinellid type, but modified by the development of regular 
rhomboidal or hexagonal plates in place of the head-ray of the nor-- 
mal spicule. The spicules are arranged in definite order, so that 
the summit-plates form oblique, curved, or spiral rows, whilst the 
tour horizontal rays mark radial and concentric lines. In one 
genus the bodj^-wall is bounded by a perforated inner layer. 

The character and position of the spicules ally the family to the 
Paheozoic genera Protospomjia^ Dlctyophyton, and Plectoderma, As, 
owever, the component spicules of the skeleton do not appear to 
have been connected together, otherwise than by the sarcode (save 
in the genus Recepiamlites), the family would be ranked in ZittePs 
suborder Lyssakina. 

If in some structural features the lleceptaculitidae stand apart 
from fossil sponges of a more recent geological horizon, other un- 
doubted Palaeozoic sponges also exhibit abnormal characters. Thus it 
is only in tlie genera Protosponyia, Salt., and Dictyophyton, Hall, that 
there exists a surface-structure of definite larger and smaller quad- 
rate areas ; in Asfylosponyia, F. Rom., the canal and spicular struc- 
* See Zittel, Neues Jahrb. 1877, p. 364, t. 5. f. 1 a. 
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tures are of such a character as to render it doubtful whether the 
genus should be ranked under Hexactinellids or Lithistids ; in As- 
trmspongia, F. Eom., the form and disposition of the spicules 
differ so much from those of any other genus, that, though ranged 
under the Hexactinellidse, it would be better placed as the type of 
a distinct order; and, finally, in the genera Eyahstelia, Zitt., 
and Holasterella^ Carter, there is an extraordinary diversity in the 
form and size of the spicules. These facts clearly show that the 
structure of the principal genera of Palseozoic sponges varies widely 
from that of more recent types of the class, and materially lessen 
the weight of any objections which may be urged against the in- 
clusion with them of the Eeceptaculitidsc. 

V. Geological Distribution. 

The earliest known member of the group has been described by 
Billings from the Calciferous (Ordovian or Lower Silurian) of the 
Mingan Islands, Lower St. Lawrence. In the Trenton limestone 
of Canada, and its equivalent, the Magnesian or Galena limestones 
of Illinois and Wisconsin, examples of EeceptacuUtes are abundant, 
and the genus Ischadites makes its appearance here, and in Lower 
Llandeilo beds in Wales. Becepiaculites also occurs in the Ortho- 
ceratite limestone of Esthonia and in Lower ? Silurian of the Arctic 
regions. 

In the higher division of the Silurian proper, the genus Ischadites 
is the most abundant. It is i resent in Wenlock and Ludlow strata 
in I^orth Wales ; in the Dudley and Malvern areas ; in the island of 
Gotland and the Eussian Baltic provinces ; in the Niagara group of 
Ohio, Wisconsin, and Illinois, and at a slightly higher horizon 
at Gaspe, Gulf of St. Lawrence, lleceptacidiles is present in the 
Upper Silurian of Australia, and doubtfully also in Canada. The 
genus Acanthochonia occurs in the Silurian proper, Etage E. of Bar- 
raude, in Bohemia. 

In the Devonian formation the genus Becepiaculites is present in 
the middle division ; in Mudstone Bay, Devonshire ; in Belgium, the 
Eifel district, and also in the Ehenish i)rovince on the right side of 
the Ehine ; at Ober-Kiinzendorf in Silesia, and in Canada. The 
genus SpliwrospoiKjia occurs in Devonian limestones near Plymouth, 
also in Nassau and tlie Eifel, in Germany, and in the Urals, in Eussia, 
hcMdites has not yet been found in the Devonian. 

From Carboniferous strata only a single species of EeceptacuUtes ? 
from Silesia has been recorded by F. Edmer, and no member of the 
group appears at any higher horizon. 

All the examples of this family occur in limestone or in fine cal- 
careous shales or mudstones, which probably indicate a habitat of 
deep or moderately deep water. It is evident, also, from the perfect 
manner in which the lightly attached spicules are preserved in their 
respective positions that the organism must have lived and been in- 
terred at undisturbed depths. 
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VI. Geneea not belonging to the Geoup, but usually 

INCLUDED THEEEIN. 

A notice of the family would be incomplete without referring to 
certain other genera which have been, by various palfcontologists, 
included in it, and indicating the reasons for their omission. Be- 
ginning first with Eichwald*, we find that, in addition to the genera 
herein recognized as [)roper to t-lie family, he has included two others, 
Mastopora and Esduiripora^ Hall. The former genus is undoubtedly 
congeneric, if not identical, with NiduliU'S fiivK.<f, Salt., and will 
presently be mentioned in connexion with Oijclocrinus ; the latter 
name is ap])licd by Hall to a I'olyzoon, but the form which Eich- 
wald regarded as identical with Hall’s type species has certainly no 
relation to it, nor to the Jtecei)taciilitidaD, though 1 am unable to 
judge iTom the figure and description to what group it may be- 
long. 

E. Hdmert has (‘mbraced in the Heeeptaciilitidoc, besides the re- 
cogniz(^d g(‘neva., the following : tUfdocrhmH, Eichwald {=Nululiteff^ 
Salt.), Pasccolifs^ Bill., and Archaocyathm, Bill., though he acknow- 
ledges that those forms stand in very various degrees of relationship 
to the typical genera of the group. To these ZittclJ has further 
added (hmioUna, I)'(.)rb., Archa ocycithelbu^ Eord, and Protocyatlms, 
Eord. 

Erom an examination of specimens of Cydocrinm Spaslm, Eichw., 
from the Silurian at Anticosti, and of Jjidalites favwt, Salt., from 
Lower Llandovery strata at Haverfordwest, and from Mullock Hill, 
Ayrshire, 1 am unable to see any structural resemblance in them to 
any ot the llcceptaculitidan The typo of Ci/docrlnufi is a s];)hcrical 
body whoso outer surface is covered with regularly arranged cup-like 
depressions, rounded below, with a small central circular aperture 
which opens into the central hollow body-cavit} , and with penta- 
gonal or hexagonal margins. Eitting into those small cup-like 
dejnessions are short, hollow, prismatic cells with rounded bases, 
which, like the cups, are perforated. I have not seen in the cups 
any traces of the short rays figured by Eichwald § ; their absence, 
however, may be owing to the fossilization of the specimens. There 
is no feature in these fossils analogous to the spicules of the liecep- 
taculitidm ; the structures which E. lliimer compares to the vertical 
spicular rays in IscJiadifts appear to me to be prismatic cells, or 
short tubes with oi)cn surface-apertures. Though convinced that 
Cyclocrinus and its ecjuivalent, Nidulites, have no connexion with 
Ischadites and its allies, I am not prepared to offer any suggestion 
as to their real characters. 

The genus P(meolus\\, Billings, is just as enigmatical as Cyclo- 
crinus. It has been compared with Splicer osponyia^ Pengelly ;* but 

* Letheea Rossica, vol. i. pp. 434, 435. t Lethaea Pal. Th. i. p. 286. 

I Handb. der Pal. toI. i. p. 728. 

§ Leth. Rossica, vol. i. p. (i.^, Atlas, t. 32. f. 21 h, 

II Can. Geol. Surv. Kept. 1856, p. 342 ; Pal. Foss. Can. vol. i. p. 390, f. 366: 
Oat. Silur. Foss. Anticosti, p. 69. 
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after striding very carefully examples of Billings’s type species, P. 
Halliy wliich I collected myself from Silurian strata at Anticosti, I 
can positively assert that there is nothing in common between the 
structure of this species and that of Sphcerosponcfia, I am also able 
to afldrm the correctness of Billings’s latest description of this form, 
that its surface consists of small convex elevations, composed of a 
very thin minutely wrinkled layer, which is sometimes translucent. 
There is no evidence that this surface-layer was divided into distinct 
plates, or that the elevations were perforated. Certainly, in Pasce- 
olus there is nothing to correspond wnth the spicules of the Becepta- 
culitidao, and no analogy appears to me to exist between these forms. 

I may also here mention that two forms placed by Salter in the 
genus SphmrosponKjia, S. hospilalis ^ and S. melliflua t, have no 
affinity with the type of this genus, S. tessellattrs, Phill. sp., but are 
probably related to Fcuceofus^ Bill. No reliance can be placed on 
Salter’s figure of 8. hospliaUs which is evidently diagrammatical 
only. 

E. ltdmer has ranked Archceocyathust^ Bill., in the lloceptaculi- 
tidsD from its possessing an outer and inner wall connected by ver- 
tical lamellae which are thought to correspond with the connecting 
pillars, or vertical spicularrays of lleveptaculites. There is, however, 
no real analogy between these structures, and it seems to me pro- 
bable that, if a sponge at all, Arclmocyatlms will be found to bo 
composed of minute spicules similar to those figured by Billings in 
A, minyanenais, Arclimwyathdlm §, Eord, and Protocyathufi ||, Ford, 
appear to be closely tillied U) ArcJmocyathm. 

I am unable to ex])ress any opinion as to the resemblance of the 
genus GonioUua, D’Orbigny 1[, to members of this group, .since the 
description given of it by that author is limited to the surface- 
characters of the fossil. 


YII. IIevision of the Bpectf,s. 

In the absence of any satisfactory generic definitions, the same 
forms have been placed by diffenuit authors sometimes in one and 
sometimes in another genus. 1 have below endeavoured to arrange 
them in accordance with the characters which I have assigned to 
the different genera. It will be seen that in several instances I 
have comprehended in a single species forms which have hitherto 
been placed under several ; but the numerous gradational differences 
in minute details of outer form and size in the large suite of speci- 
mens which I have examined, clearly show that these variations 
are not of the specific value which has been placed on them. 


* Cat. of Cambr. & Silur. Foss. Univ. Cara. p. 40. 
t Pal. Niti, p. 48, t. b. f. 4, b, 0. 
f Pal. Foss. Canada, vol. i. p. .‘154, figs. 342-344. 

§ Amer. Journ. 8ci. 1873, vol. v. P-^H. 

I Id. 1878, vol. XV. p. 124. ^ Prodr. de Pal. vol. ii. p. 41. 
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Genus Ischadites, Murch, 

Ibchadites Kcenigii, Murch. (PI. XXXVI. figs. 1, 1 a-o.) 

1839. fschadites Koenifjii, Murch. Silurian System, p. 697, t. 26. 

f. 11. 

1842. llecepUiculites Bronnii, Eichw. Urwelt Russlands, 2 Heft, 
p. 80, t. 1. f. 9. 

18i'52. SeleMoides iowensis^ D. Dale Owen, Geol. Surrey of Wis- 
consin, &c., p. 587, t. 2 n. f. 13. 

1858. lieceptacvlitcs Eichwaldi, Schmidt, Die silur. Eormation 
von Khstland, &c., p. 232. 

1 8(>0. Ilexiptaculiies Bronnii^ Eichw. Lethjca Rossica, vol. i. p. 429, 
t. 27. f. 2 a, h. 

18()0. Ischaditcs Eiclmahli, Eichw. id. p. 436, t. 27. f. 3 a, Z>, c. 

18()5. lleccptacuVdes Jonesi^ Bill. Pal. Eoss. Can. vol. i. p. 385, 
f. 3(>3, & ]). 389, f. 365. 

18()5. Jlccijtlandhcs iowensis. Bill. id. p. 385, f. 364. 

1866. Isc/i<(dU(;s (mtiqmis, Salt. Mem. Geol. Surv. Gt. Brit, 
p. 282, f. 4. 

1867. tessellafus^ Salt. MS. (sec Siluria), 5th ed. p. 509. 

1868. JiCajdamlltes (jlohnJ(rns\ Meek & Worth. Geol. Surv. Illi- 
nois, vol. hi. p. 301, t. 2. f. 2 «, 6, 

18()8. llrrcjdacjilites sp.?, Meek & Worth, id. p. 301, t. 2. 

f. 1 a, h, 

1873. BeJiadites Kivniijn^ Salt. Cat. Sil. & Camhr. Fossils, Cam- 
bridge, p. 1 00. 

1875. lt(rej)tandiie!^ oliioemis^ Hall & Whitf. Geol. Surv. Ohio, 
Pal. vol. ii. p. 123, t. (>. f. 1. 

1875. limpUiculitri^ suhtarhinatiis, Hall, 27th Annual Report 
State Museum, t. 3. f. 1, 2, 3. 

1875. Isi’1ui({iti\s Kivnic/ii^ Beitr. p. 43, t. A. f. 28, 29, 

30. 

1878. Jn’liaditis Kann/ll, Nich. & Ether. Silur. Foss. Girvan, 

p. 20. 

1878. hchdditea Querist. Petref. Doutsch. Bd. v. p. 592. 

1880. ischadites Ah // /r///, Zitt. Hand]), dcr Pal. vol. i. p. 728. 

1880. Jschaditt’s Kcemqii, F. Rdmer, Leth. Pal. Th. 1, p. 291. 

1882. Ischadlti’s Kanhfii^ Jones, Cat. Foss. Foram. Brit. Mus. p. 2. 

Sj>onges either ovate, or more or loss depressed, conical ; smaU 
individuals measuring 4 millim. in height by G-5 miUim. in width, 
and large, 4t) millim. by 45 millim., with numerous gradations be- 
tween these extremes. The base is either conical with an obtuse 
termination, flattened, or concave. In the examples with flattened 
or concave bases, tlie greatest width is attained near the base itself; 
whilst in the forms with a conical base the specimen is widest about 
midway between the base and the summit. The summit is generally 
slightly truncate or evenly rounded: occasionally there is a short 
elevated neck. The summit- aperture varies from 2 to 5 millim. in 
width. The summit-plates of the spicules vary from 2 to 4 millim. 
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in width in the zonal region, w'here they are largest, to from *25 to *4 
millim. in the vicinity ot‘ the summit- aperture. The character and 
position of the spicules are referred to in the generic description. 
The longest of the vertical spicular rays which I have seen vary 
from 7 to 10 millim. 

This species varies considerably in size and in details of outer 
form ; but in the large collection which Prof. Lindstrom sent me 
from the isle of Gotland there are numerous transitional forms be- 
tween the extremes, so that it is impossible to regard them as more 
than a single species, and in this gradational series there are speci- 
mens closely corresponding, not only to Murchison’s type, but also 
to the forms which by Eichwald, Walter, D. Dale Owen, Meek, Ihllings, 
and Hall have beeu described as distinct s])ecies. The diversity of 
synonyms given to this single species can be further explained" by 
the extraordinary difference of aspect which it presents under dif- 
ferent conditions of preservation. 

Eichwald recognizes the similarity of 11. Bronnii to I. Kmm'xjii, but 
places it as a different species because it is not compressed, and the 
surface-markings are absent. The figure of Seknoides iowensis, 1). 
Dale Owen, represents the concave bjisal surface of an individual. 
li. Jonesi, Bill., is a very similar form to Owen’s muemls ; the 
figure of its vertical section clearly shows the free termination of 
the vertical rays of the spicules. T. aidiquus^ Salt., which is 
in the Jerrayn Street Museum, is simply the impression of a x)ortion 
of th(^ outer surface of an individual which shows no character to 
distinguish it from /. Kienii/li. The ^IS. name of aV. lessdlatus. 
Salt., appears to have been given to a sx^eciinen which is also in the 
Jermyn Street Museum, and which cannot be distinguished from 
Murchison’s type. Even if this had been a valid species, the spe- 
cific name would require to be changed, since it had been previously 
employed by \Yinchell and Marcy for an example of this genus. 

The sx^ecimens figured under andi^. ? 

by Meek and Worthen, rex)resent the concave bases and the lateral 
areas of two individuals. These authors apj^car to have followed 
Hall in regarding the base as the summit of the sj)ecimen, 
whilst they describe the summit, which, as shown by the figures, 
is obscured by matrix, as a broad base of attachment. Tlie 
jK. oMoensis of Hall and Whitfield is merely an imperfect cast of an 
individual of this species. The base of It. suhturhinatus^ Hall, is 
represented as the summit of the specimen. 

Distribution. Lower Llandeilo ; Gam Arenig, AVales. Woolhope 
beds Malvern: near Buildwas. Wcnlock shales and limestone: 
Dudley, Usk, Malvern, AValsall ; Balcletchie and Benkill, Ayrshire. 
Lower and Upper Ludlow : Ledbury and near Ludlow : Pentland 
Hills. Orthoceratite limestone : lleval. Lowest beds of the 
Silurian, at Visby, Westergarn, near Klintoharnn, Djux^vik, in the 
isle of Gotland. Galena Division of Lower Silurian at Scale’s 
Mound, Hlinois, and in Iowa. Niagara group at Waldron, Indiana ; 
Yellow Springs, Ohio. Lower Helderberg Group at Gaspe, province 
Quebec. 

Q.J.G.S. No. 160. 3y 
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IscHADiTEs Murchisonii, Eichwald, sp. 

1842. Teitragonis Murcliisonii^ Eichw. Urwelt RusslaDds, Heft 2, 
p. 81,t.3. f. 18. . 

1842. Zamia rossim, Kutorga, Yorhandl. d. min. GeseUscli. St. 
Eeternb. p. 7, t. 2. f. 3 a-c, 

18(50. Tctragonis Murchisoni^ Eichw. Leth. Rossica, p. 431. 

18(50. IscJuidiles altaicus^ Eichw. id. p. 437, t. 27. f. 4. 

1875. Tetragonis Murcliisonii^ Giimh. Rcitr. p. 40, 45. 

1878. Tetragonis MurcJmoniiy Uucnst. Petrcf. Heutsch. Bd. 5, 
p. 5i)2. 

1880. Tetragonis MunMsonii, F. Romer, Leth. Pal. Th. 1, 
p. 303. 

The typical example of this Ppccics is elongated pear-shaped ; it 
measures 100 raillim. in length, by 58 millim. in width. The base is 
stated to have a short stem, but this is probably incorrect, as none is 
shown in the figure, wliich is slightly concave below ; and as the 
author .also says that the basal portion is broken off there seems to be 
no ])roof of his asserted stem. The specimen is widest at its lower 
third, and gradually tai)ers to the summit, which is curved. The 
typical example only shows the vertical and concentric lines formed 
by the horizontal spicular rays, and the perforations of the vertical 

riiA’s. 

Zamia rossica, Kutorga (IscJiadites altaicus, Eichw.), appears to 
mo from the figures and description of the author to be not im- 
j)robably a specimen of /. Munlnsonii, in which the summit-plates 
of the s])icules have been preserved. The specimens figured do not 
show the characters either of the base or summit. The spicular 
plates are rhomboidal in the figure, though some are stated to be 
liexagonal ; they vary from 3-5 to 7 millim. in width, and clearly 
show concentric lines of growth. In a section of a small indi- 
vidual there are vertical s]>icular rays 10 millim. in length. By 
Kutorga the form was referred to a pine-cone. 

IHstnhutum, Orthoceratitc limestone : Reval, Wesenberg, Baltic 
Provinces of Russia. 

Tetragonis sulcata et parvipora, Eichw. Lethsea Rossica, pp. 432 
433, Atlas, t. 27. f. 5, 6. 

These two species are, as already remarked by F. Romer, of an 
altogether different character from the type of the genus, and do 
not belong to the family. 

Tetragonis Danbyi, McCoy, Brit. Pal. Foss. p. 62, t. 1 d. f. 7, 8. 

Tetragonis eipeliensis, F. Rcimer, I^th. Pal. Th, 1, p. 304 

f.5,6. » . 

These species are also of a different character from Ischadites 
Murchmnii^ and belong to the genus Dictyophyton., Hall. 
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IscHADiTEs Lindstrcemi, Hindo, n. sp. (PL XXXYI. fig. 2.) 

Cf. Ischadites Qrindrodi^ Salter, MS. (see Bigsby’s Thesaurus 
Siluricus, p. 4). 

Sponges with wide bases, markedly concave in the centre, and 
with apparently low conical summits. The specimens vary from 
50 to 100 millim. in diameter. The spicular surface-plates vary from 
3*5 to 5 millim. in greatest width. No summit has been preserved. 

This species differs from /. Kcmigii in its considerably larger 
dimensions and the larger size of the summit-plates. I cannot say 
whether it is the same as the /. Grindrodi,, Salter, MS., since there 
is no description or figure of this species. Some specimens of this 
species in the Jermyn Street Museum are labelled, but not by Salter, 
i. Grindrodif whilst others precisely similar bear the label of /. 
Kccnigii, It scorns best therefore, in the absence of definito know- 
ledge of the type of /. Grindrodi, to adoj^t another name, and I 
propose to name it after Prof. G. Lindstrom of Stockholm, to whom 
I am indebted for the loan of the s])ecimeii8. 

IHstrihuiiou . — AVenlock shale : M alvern, Lower Ludlow, Ledbury ; 
lowest beds of the Silurian : Petesvik, liablingbo, isle of Gotland. 

Ischadites teshellatus, Winehell and ^larcy *. 

1S()(). Ischadites tessellaiiis, Winch, and Marcy, ^Mem, Post. Soc, 
Nat, Hist. vol. i. pt. 1, p. 85, t. 2. fig. 3. 

Non I, tessellatusy Salt. MS., Siluria, 4 ed. 1857, i>. 509. 

1870. Ileccptaculiii S fonuosus^ Meek and Wortheu, Proc. Ac. Nat. 
Sc. Phil. p. 23. 

1875. lieceptaculHes forniosus^ Meek and Worthen, Pal. Illinois, 
Vol. vi. p. 500, t. 24. fig. 1 . 

1875. Ischadites Lessillatns, Giimbel, Beitr. p. 40. 

The specimen figured is the cast of the lower portion of an 
apparently ])ear-shaped individual with a conical base. The rhom- 
boidal spicular plates are from 2-5 to 5*5 millim. in width. According 
to the author some examples are 02 millim. in height by 43 in width, 
and thus considerably larger than 1. KaHUfii, whilst the general 
form distinguishes the species from /. Lindstcfemi.] 

Meek and Worthen figure a perfect example of this species under 
the name of li. fonnosus. Its correspondence in form and the fact 
of its being derived from the same geological horizon and locality 
place its identity with this species beyond doubt. 

Distribution, — Silurian: Niagara limestone, near Chicago, Illinois. 

♦ According to Miller’s ‘ Catalogue of Aiuerieaii Palaeozoic Fossils’ (1877), 
p. 43, this species is a syMonyni of HeccptactUUea infundibulu,% Hall, Geol. Re- 
port Wisconsin, 1801. I have been unable to obtain a copy of Haifa paper 
either in tlic library of the Geolc^gicul Society or in that of the British Museum. 
I may say that in the absence of figures, mere verbal description, like Haifa, 
of the fossils of this group, is quite insufficient for the recognition of 
species, more particularly when the character of the fossil is so little understood 
by the author that he regards the base of the fossil as its summit, and vice versd. 
Meek and Worthen (Geol. Illinois, vol. iii. p. 302) similarly express their ina- 
bility to recognize Halfs species of this genus in the absence of figures, and 
there are thi refore sufficient pounds for rejecting the species descriM in this 
paper imless subsequently verified and figured by the author or other writers. 
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ISCHA^DITEB? INOSCTJLA.NS, Saltcr. 

Sph(rrospongia inosculans^ Salt. Pal. of Niti, p. 49, t. 5. figs. 7, 8, 9. 

This species is based on a small com^^ressed fragment, 18 millim. 
long by 13 millim. wide, of an apx)arently conical individual. The 
outer surface consists of slightly convex elliptical jdates? with 
small irregular digital projections which interlock with each other. 
The plates show no structure, nor are there any indications of spi- 
cular rays beneath them. Possibly the form may belong to a new 
genus, but as the only specimen known (now in the British Museum) 
is insufficient to furnish generic characters, it seems preferable to 
allow it to remain provisionally under Isiiliadiics^ which, as Halter 
remarks, it mucli resembles. 

IHstrihatloii. — Silurian : Niti Pass, Northern Himalaya. 

(lenus Srn^itospoNGiA, Pengelly. 

Hpn;i^Rosi'ONoiA 'jehsiollata, Phill. sp. (PI. XXX VIT. figs. 1, 1 a-c,) 
1841. f^jJun'ovites icsseTlatus, Phill. Pal. Foss. Devon, (See., p. 135, 
t. 59. f. 4\K 

183ii. Tunivate foss^il, Broderip, Trans. Geol. Hoc. ser. 2, vol. iii. 
p. ]()4, t. 20. f. 1,2. 

1844. tSjJKrronites tessellatus^ F. lldin. llhciri. Uebergangsgeb. 

p. 04. 

1845. EMno.yJiarifes tessellatus, Murch. Keyserl. Ycrn. Geology 
of Bussia, p. 381, t. 27. f. 7. 

1845. Splurroonies tessellaius, Bowerb. Ann. & Mag. Nat. Hist, 
vol. XV. p. 299. 

1845. Sphn romtes tesscllaftis, Austin, id. p. 400. 

1850-5(). Prohoscis of cnnonl, G. & F. Handberger, Verstein, des 
Ehein. Hchicht .-Hys. pp. 384, 385. 

1801. S 2 dicui’ospongia tcsscllaia, Pengelly, Geologist, vol. iv. p, 340, 

t. 5. 

1875. PasceoJus tesfiellatm et Hailii, Kayser, Zeitschr. d. deutsch. 
Geol. Gesellsch. x>. 780, t. 20. 

1880. PoJygonosjdifF rites iesselJatus, F. Rdmer, Lcth. Pal. Th. 1, 
p. 297, f. 54*. ■ 

1880. Pohfyouosplia’rites tesselJatiis, Z\ti. Handb. der Pal. vol. i. 

p. 728. 

The characters of the tyjie species have been fully referred to in 
the description of the genus. The sx^ecimens vary greatly in dimen- 
sions : the typical form, though imperfect, is 85 millim. in height 
and 115 in width near the summit. The sxncular head-plates are 
from *5 to 7*5 millim. in width. The average dimensions of a 
number of specimens in the British Museum are 00 millim. in height 
and the same in width, and the surface-plates are from 2*5 to 5 
miUim. wide. 

Ferd. Homer places the form described in the ‘ Geology of Eussia’ 
as distinct from this species, but judging from the figure given of it, 
there does not appear sufficient reason for separating it from /8. ies- 
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sellata, Kayser has also constituted a new species S, Ratlii^ which, 
however, appears to me not to differ from Phillips’s species. 

Distribution , — Devonian : Newton Bushell, Devonshire : Yilmar, 
Nassau ; Eifel, Germany ; lliver Jolva, near Bogoslofsk, Ural, 
Kussia. 

Genus Acanthochonia, Hinde. 

Acanthochonia Baukandei, Hinde, sp. n. (PL XXXVII. figs. 2, 
2 a-e,) 

The characters of this species have been given with those of the 
genus. The specimens vary from 20 to 50 millim. in greatest width, 
and from 7 to 15 millim. in height. The spicular plates are only 
1 millim. in width near the centre of the base, whilst those near 
the margins of the cup measure 5 millim. across. The summit- 
plates themselves aj)poar to be thin, thougli their real thickness 
cannot be determined from vertical sections as they arci fused into 
a crystalline mass with the horizontal ra 3^8 and the basal portion of 
the vertical rays. The vertical rays are about *5 millim. in thickness 
and 8 millim. in length, in the lateral portions of the cup, and 
smaller near the base. 

Distribution. — Silurian. Etage E of Barraude, Bubowitz, near 
Prague, Bohemia. 

Genus Rkckptaculitics, Dcfrancc. 

Receptaculites NEPTUNi, Dofrance. 

1827. lieceptaculites Neptuni,, Defr. Diet, des Sci. Nat, t. 45, p. 5, 
atlas t. 68. f. 1«, 16, Ic, Id, 

1826-3d. Coscinopora placenta et sulcata, Goldf. Potref. Th. 1, 
p. 31, t. 19. f. 18, 19. 

1842. lleceptacidites Nej>tuni, Archiac & Verneuil, Trans. Geol. Soc. 
ser. 2, pt. 2, p. 407. 

1844. Eeceptaculites jS^iptuni, E. Rdmer, Rhein. Uebergangsgeb. 
p. 59. 

1868. Receptaculites Neptuni, Dames, Zeitsch. d. deutsch. geol. 
Gesellsch. Bd. xx. p. 483, t. 10. f. 1. 

1875. Receptaculites Neptuni, Giimbel, Bcitriige, Abhandl. d. k. 
bay. Akad. der Wiss. II. CL Bd. xii. 1 Ab. p. 1 69, t. A. 

1878. Receptaculites Neptuni, Quenstedt, Petref. Bd. v. p. 596, 
t. 142. f. 20. 

1878. Receptaculites sepphioides, Quonst. id. p. 586, t. 142.f. 15, 16, 

1879. Receptaculites Neptuni, Nich. Man. Pal. vol. i. p. 127, f. 29. 

1876-80. Receptaculites Neptuni, Zitt. Handb. d. Pal. p. 84, f. 20. 

1880. R(^eptacidites Neptuni, E. Rdmer, Leth. Pal. vol. i. p. 290. 

tlas, t. 35. f. 7a, b, c. 

1882. Receptaculites Neptuni, T.*R. Jones, Cat. Foss. Foram. Brit. 
Mus. p. 4. 

Sponges either shallow cup- or disk-shaped, varying in diameter 
from 65 to 180 millim. The base in its centre forms a slight conical, 
Bometimes curved, projection. The thickness of the walls varies 
from 3 millim. near the nucleus to 10, 15, and in one unusually 
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thick example 20 millim. near the margins of the cup or disk. The 
rhomboidal spicular plates are from 4 to 5*5 millim in extension ; 
they are usuaUy flattened above, though occasionally through pressure 
they become concave. The horizontal rays are from 1 to 1*5 millim. 
in thickness ; the distal ray not unfrequently projects from beneath 
its own plate to the centre of the plate in front of it. The vertical 
rays or pillars vary from 1 to 2*5 millim. in thickness ; they are 
usually contracted immediately beneath the horizontal rays and 
then again expand and maintain a uniform thickness to their contact 
with the inner or upper layer of the wall. The characters of 
the inner wall in this species are somewhat doubtful. According 
to Gumbcl and Dames it resembles the plates of the outer wall. Its 
structure is not shown in examples which I have seen from Belgium 
and Ober-Kunzendorf, but in a Canadian example of the species 
there are regular rows of perforations as in 2L occidentalis. 

There is a considerable variation in the size of specimens of this 
species from different localities. Thus the walls and spicules in the 
Belgian specimens are much less robust than in those from Ober- 
Kunzendorf. 

Quenstedt has i>laced some examples of this species under the 
name of JL scypliiokles^ solely on account of a superficial resemblance 
to the s])ongo Tremadictyon (Sponyites) reticulatus, Quenst. sp. 

Mr, Champernowne has lately discovered an example of this species 
in hardened mudstones in Devonshire. It is much compressed and 
exhibits parti<ally the inner surface. 

Distrihution, — Middle Devonian: Mudstone Bay, Devonshire. 
Chimay, Couvin and elsewhere in Belgium ; Eifel, Germany ; Ober 
Kunzeudorf, Silesia ; near Widder, Ontario, Canada. 

Eec^ptaculites occidentalis, Salter. (Bl. XXXYII. figs. 3, 3 a-m.) 

1859. Hecepiamdites occidentalism Salt. Can. Org. Bern. dec. i. 
p. 45, t. 10. f. 1-7. 

1845. Coscinopora sulcata, D. Dale Owen (non Goldfuss), Geol. 
Beport, Iowa, &c. p. 25 pi. vii. fig. 5. 

1802. Eeceptaciditcs Oweni, Hall, Bep. Geol. Surv. Wise. vol. i. 
p. 46, fig. 2, and p. 429. 

1865. Receptaculites occidentalis mJMYi, Pal. Foss. Can. vol. i p 381 
figs. 354-356. 

1868. Receptaculites Oweni, Meek and Worthen, Pal. Illinois, 
vol. iii. p. 302, t. 2. f. 3. 

1875. Receptaculites occidentalis, Giimbel, Beitr. p. 7. 

1878. Receptaculites occidentalis, B. Etheridge, Quart. Joum. 
Geol. Soc. vol. xxxiv. p. 577. 

1878. Receptacxdites ioivensis, Quenst. Petref. Bd. v. p. 589 
t. 142. f. 17. 

1880. Receptaculites occidentalis, F, Bdmer, Leth. Pal. vol i 
p. 289. * * 

1882. Receptaculites occidentalis, T. B. Jones, Cat. Foss. Foram. 
Brit. Mus. p. 3. 

1882. Receptaculites Neptuni ? T. B. Jones, id. p. 3. 
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This well-known species grows in flattened disk-like expansions, 
which, when entire, are from 100 to 200 millim. in diameter. The 
nucleus or commencement of growth is a small conical projection 
on the under surface and forms a small pit on the upper. The walls 
vary in thickness from 4 millim. in the centre to 12 millim. at the 
periphery of the organism. The spicular plates of the outer surface, 
with the exception of those immediately round the nucleus, vary 
from 3 to 5 millim. in width, and the horizontal rays are somewhat 
more than half the width of the plates. The vertical rays vary 
from 1 to 2 millim. in thickness. The inner or upper plate is about 
1 millim. in thickness ; the vertical canals by which it is perforated 
are about 1 miUim. in width. The upper or outer surface of this 
plate is frequently irregularly furrowed by open canals. 

In the massive limestones at Pauquettes llapids on the Ottawa, 
the species is very abundant and is partly composed of silica and 
partly in the state of crystalline calcite. When freed from the 
matrix by dilute acid, the structure is more clearly shown thait in 
any other example of the genus. The specimens from Illinois, &c., 
are generally in the condition of casts. This species was referred 
by D. Dale Owen to Coscinopora sulcata^ Goldf. niptuni^ and 
H^ill, in 1861, proposed to change the name to 11, Owmi. Previously 
to this, however, Salter described and figured the species and gave 
it the name which it now bears. Salter suggested that U, Neptuni ? 
Hall,^ from the Trenton limestone of Carlisle, Pennsylvania, might 
also belong to the same species, but from HalPs figures it appears to be 
distinct, and it is moreover stated to be suborbicular or hemispherical. 
The examples from Illinois and other Western States are usually of 
somewhat greater diameter than those from the same horizon in 
Canada, but from a comparison of specimens from these different 
places I am unable to detect any difterences which would justify 
regarding them as distinct species. Their external aspect is, how- 
ever, strikingly dissimilar owing to their ditferont states of fossili- 
zation. 

Distribution, — Lower beds of the Trenton limestone : Paucpiettes 
Eapids, Ottawa liiver, Canada. Galena limestone : Galena, l)ixon, 
Illinois ; various localities in Wisconsin and Iowa. Lower Silurian : 
Capo Louis Napoleon ; Igloolik, Arctic regions. 

Eeceptaculites oitBis, Eichwald. 

1860. Meceptaculites orbis, Eichw. Leth. lloss. vol. i. p. 428, t. 27. 
f. 1 ; cf. Escharites foniiculosus, Schloth. Petrefactenkunde, 1820, 
p. 343. 

1858. Receptaculites orbis^ Er. Schmidt, Silur. Form, von Ehst- 
land, &o., p. 232. 

1875. Receptaculites orbis, Giimb. Peitr. pp. 39, 41 . 

1880. Receptaculites orbis, F. Eomer, Leth. Pal. Th. i, p. 289. 

1882. Receptaculites orbis, T. li, Jones, Cat. Foss. Foram. Brit. 
Mus. p. 2. 

Flattened disks from 80 to 150 millim. in diameter. The walls 
Pal. New York, vol. i. p. 68, t. 24. f. 3. 
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near tlie margins are about 5 millim. in thickness ; the spicular 
plates are from 2*5 to 3 millim. in width. According to Giimbel 
the inner layer of this species is perforated by canals in a similar 
manner to that of E, occidentalism I have only seen a single example 
of this species. It approaches closely to B. occidentalism but the 
spicular plates and rays appear smaller. Eichwald’s figures 1 5, 
though stated to be of the natural size, are e\idently enlarged. 

Eichwald states that Eschar ites forniculosusm Schlot., is a synonym 
of his species ; but as Schlotheim’s description is altogether insufficient 
to recognize the form, and is, moreover, not accompanied by any 
figure, it seems preferable to retain Eichw aid’s name and authoriiy 
for it. 

Distribution. — Orthoceratite limestone: Odinsholm, Reval, Bal- 
tischport, Esthonia. 


Receptaculites austkalis, Salter. 

1859. Eeceptaculites australis, Salt. Canad. Org. Eem. dec. i. 
p. 47, t. 10. f. 8-10. 

1878. Eeceptaculites australis, li. Etheridge, jun., Cat. Austr, 
Eoss. p. 3. 

1880. Eeceptaculites australis, E. Romer, Leth. Pal. Th. 1, p. 290. 

According to Sidter this species is mainly distinguished from E, 
occidentalis, Salt., by the imperfectly lobed surface of the spicular 
plates. jVpparcntly the specimens, like those of E, occidentalis, are 
siliceous, and it is doubtful whether the so-called lobed surfaces of 
the plates may not be due to irregular accretions of this mineral. 

Distribution . — Upper Silurian: Yarradong, Kew South Wales. 

Receptactjlites ? CANADENSIS, BiUings. 

1808. Iscliadites canadensis, BiU. Geol. Canada, p. 309, f. 313, 
and p. 327. 

1805. Eeceptaculites canadensis. Bill. Pal. Eoss. Canada, vol. i. n. 
384, f. 862. ^ 

1880. Eeceptaculites canadensis, E. Riimer, Leth. Pal. Th. 1, 
p. 289. 

The specimen thus named consists of onlj" a compressed fragment 
of an individual, from which it is impracticable to determine if it 
forms part of a Eeceptaculites or Iscliadites, and it is quite insufficient 
to furnish satisfactory specific characters. No description of it is 
given in the ‘ Geology of Canada,’ where it is first figured, and the 
only apparent reference to it, on p. 327, states that it is an Ischadites 
allied to J. Koenig ii, the first instance of the genus on the continent. 
In the “ Palaeozoic Fossils,” Billings notes the differences between 
this form and E. Oweni^E. oaidentalis, which, however, arise from 
its different state of preservation. 

Distribution. — Niagara limestone: Township of Esquesing, On- 
tario, Canada. 
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Eeceptacxtlitbs oaicipebtts, Billings. 

1865. Receptamlites caldferm^ Bill. Pal. Poss. Canada, vol. i. 
p. 359, f. 346. 

The species is founded on a mere fragment, which shows the 
crossing ridges formed by the horizontal spicularrays. If Billings’s 
figure is correct, the rays and the spicular plates above them must 
be considerably larger than in R, ocddentalis. 

Distribution, — Calciferous formation: Mingan Islands, Lower 
St. Lawrence. 


Eeceptaculites AECHOirs, Etheridge. 

1878. Receptamlites arctims, Eth. Quart. Journ. Geol. Soc. 
vol. xxiv. p. 576. 

1882. Receptacvlites arcticus^ T. B. Jones, Cat. Foss. Foram. Brit. 
Mus. p. 3. 

The fragments of this species indicate flattened, platter-shaped 
individuals with slightly incurved margins. They were evidently 
of considerable size. The total thickness between the outer and 
inner walls varies from 10 to 20 millim. The summit-plates reach 
to 7 millim, in width. No trace of the horizontal spicular rays can 
be seen ; these and the head-plates are merged together into a layer 
of crystalline calcite 2*5 millim. in thickness. The vertical rays, 
like those of R, occidentalism are contracted immediately beneath the 
horizontal rays and then expand again and continue of an even thick- 
ness to their junction with the inner or upper plate. The rays are 
from 2‘5 to 3*5 millim. in thickness, and their length corresponds 
to the thickness between the walls. The characters of the inner 
layer are not shown. The structure is now entirely replaced by 
coarsely crystalline calcite. 

The large proportions of the form itself and of the spicular plates 
and rays distinguish this species from all others of the genus. 

Distribution, — Lower Silurian : Cape Louis Napoleon, Cape 
Frazer, Arctic regions (type specimens in British Museum). 


Beceptaculixes ? OAEBONARius, F. llomcr. 

1871. Receptamlites carbonariiis, F. Itomer, Jahresber. Schlos. 

(leseUsch. p. 42. i n mi. 

1880. Receptaculites carhonariuSm F. lliJmer, Leth. Pal. 1 ih. 

p. 291, f. 63. . . . , , . 

The imperfect example of this spt'cies is insufficient to determine 
its originally complete form ; the author suggests that the relatively 
deep cup-shaped body may have been contracted above to a narrow 
aperture, in which case it would resemble an Ischadites, ^ As, 
however, its interior characters are not known, its generic position 

remains doubtful. j ^ an • 

Distribution. — Carboniferous Limestone : Eothwaltersdort, oilesia. 


Eeceptaculites? rhombtfee, F. A. Edmer, 

1850. Receptaculites \ rhornUferm F. A, Ebmer, Palmoritograpbica, 
Spheeronites J Bd, iii. p. 3C, t. 4* f. 21. 
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1880. Polygonosi)h(rrit€s rhomhifer^ F. Eomer, Leth. Fed. 1 Th. 
p. 298. 

The figured type is a deep cup-shaped specimen, probably imper- 
fect. The spicular plates arc for the most part rhomboidal, and this 
feature would exclude it from SpJicerospongia. The generic position 
must remain uncertain until its interior characters have been ascer- 
tained. 

Distribution , — Upper Devonian : Harz, Germany. 

Species which have been erroneously referred to Eeceptaculites. 

Receptaculites ? elegantulus, Billings, Pal. Foss. Can. vol. i. p. 359, 
f. 347. The only characters shown are faint ridges arranged in 
quincunx, marking out small rhomboidal pits. The small propor- 
tions and uniform size of these interspaces appear to me to indicate 
that it does not belong to the present group. 

Receptaculites ? insular is, Billings, Cat. Silurian Fossils of Anti- 
costi, p. 29. Billings recognizes that the characters of this species 
are altogether distinct from those of the genus under which he has 
placed it with a query, and he suggests that it is congeneric with 
Teiragonis sulcata, Eichw. Leth. Rossica, p. 432, t. 27. f. 5 a, b. 
But this latter species is not a true Tetragonis, and probably belongs 
to a quite distinct group. 

!Note. — 8. A. Miller, in Cat. American Pal. Fossils (1877), refers 
to Receptaculites, Lunulites dactioloides, Owen, 1840, and Orhituloides 
reticulata, Owen, 1840, ‘Report on Mineral Lands, Niagara Group.’ 
I have been unable to find this work in the libraries of the scientific 
societies in London, nor does it appear to be quoted in the ‘ Biblio- 
graphy of North American Invertebrate Paleontology,’ White and 
Nicholson. F. Rhmer, in Leth. Pal. 1 Th. p. 289, 290, refers the 
above species to Miller himself ! 

In the supplement to the Catalogue (1883) Miller further refers 
to Receptaculites sacculus. Hall, ‘Descriptions of new Species of Fossils 
from Waldron, Indiana,’ 1879, and Receptaculites devonicus, Whit- 
field, ‘Descriptions of new Species of Fossils from Ohio,’ 1882. 
Neither of the papers containing these descriptions is obtainable in 
London, nor can 1 ascertain where they have been published. 


EXPLANATION OF PLATES XXXVI. & XXXVIl. 

Plate XXXVI. 

Figures 1, 1 a-o, Ischadites Koenigii^ Murchison. 

Figs. 1, \a-c. Specimens showing differences in form and conditions of preser- 
vation. All natural size. 

1. A small form, showing a prominently developed central zone, and with 
the summit-plates of the spicules preserved. 

I a. A specimen witli an elevated summit, and clearly showing the hori- 
zontal rays of the spicules, the summit-platw which originally 
covered the surface having disappeared. 
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1 A specimen with a flattened base and depressed summit, showing 
faint vertical and concentric lines formed by the horizontal spicular 
rays. 

Ic. A specimen showing sections of the vertical rays of the spicules, 
both the spicular plates and the horizontal rays having disappeared. 

The specimens are from the lowest beds of Silurian age in the isle 
of Gotland ; fig. 1 is from Djnpvik, and the others from the vicinity 
of Visby. With the exception of fig. 1 c, they have been lent by 
Prof. G. Lindstrdm fronv the Royal Museum at Stockholm. 

1 d-g. Showing the characters of the summit-plates of the spicules. 

1 d. The upper portion of fig. 1, enlarged twice, showing the regular dis- 
position of tlie spicular plates and the slightly elevated distal angles 
of those of the zonal region. 

1 e. Shows the arrangement of the minute spietdar plates at the summit 
of a small specimen, surrounding the central aperture. Enlarged 
six times. 

1/. The base of fig. 1, enlarged throe times, showing the eight diamond- 
shaped spicular plales of the nucleus and the plates succeeding them, 
each having a clearly marked central spot, indicating the centre of 
the spicule. 

1 ^ is a portion of the lateral surface of a specimen, enlarged four times, 
showing the extension of one of the horizontal rays of each spicule, 
from beneath tlie distal angle of its corresponding summit-plate, over 
the summit-plate of the spicule in front of it. In the centre of the 
figure are the modified summit-plates developed at the intercalation 
of a fresh row of spiculos. 

1 A-/. Showing the characters of tlu; horizontal spicular rays. 

1 4, 1 are portions of the lateral areas of two specimens in which the 
surface summit-plates have disappeared, showing tlie four horizontal 
rays of independent spicules. The rays are ol'teu incomploie, and 
they frequently O’s erlap each other. Eidarged three times. 

1 The surface ol‘ the upper portion of a specimen in which only 
three of the foui* horizontal spicidar rays are preserved ; the fourth, 
or distal ray, having disappeared with the summit-plate. Enlarged 
three times. 

1 k-o. Showing the characters of tlie vertical spicular rays. 

Ikj I, m are fractured specimens, showing the tapering extension and the 
free termination ol‘ the vortical rays in tlie interior ol' the central 
cavity, now filled with matrix. Natural size. 

1 92 is a smooth vertical section, and 1 o a transverse section, similarly 
showing tlie extension of the vertical rays. 


Fig. 2. lachadHea lAnddresmi, Hinde. 

The base of a specimen showing the ridges formed by the matrix 
between the margins of the spicular summit-plates, which have dis- 
appeared ; the dark spot in the centre of each rhomboidal area indi- 
cates the vertical rays of the spiculos ; some traces of the horizontal 
rays are also shown. From Silurian strata at Petesvik, isle of 
Gotland. 


Plate XXXYII. 

Figures 1, 1 a-c, Spheerospongia tesacllata, Phillips, sp. 

1. A specimen, imperfect at the summit, showing the hexagonal spicular 
summit-plates of the surface. Natural size. From Middle Devonian 
strata at Newton Bushell, near Torquay, Devonshire. In the collec- 
tion of the British Natural Historj" Museum. 
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Fig. 1(1. Another Bpedm^ from the same looBlity, also imperfect^ showing 
tho interior surface. The vertioal and tramreree rihi are formed by 
horizontal spioular rays, which are now partially amalgamated 
together. Natural size. 

1 A portion of the outer surface of the typical example of the genus, 
now in the Jermyn-Street Museum, showing the slightly eleyated 
knob in the centre of eadi of the spicular summit-plates. Natural 
size. 

1 <?. A portion of the inner surface of a fragmentary specimen, enlarged 
three times, showing clearly the horizontal rays and the indepen- 
dence of the spicules. 


Figures 2, 2 o-e. AoantAooAonta JSarrandei, Hinde, 

2. Two nearly entire individuals and portions of two others, partially 
imbedded in a fractured piece of rock. The bases and outer surfboe 
of the specimens are shown. Natural size. These and the following 
examples are from Silurian strata, Etage E. of Barrande, at Bubo- 
witz, near Prague. They were obtained for the British Natural 
History Museum from Barrande himself. 

2 a. Theba^ portion of an individual, enlarged three times, showing 
the eight spicular plates forming the nucleus, and the disposition or 
the summit-plates succeeding them. 

25. A portion of the outer surface of another specimen, enlarged three 
times, showing the arrangement of the spicular summit-plates, from 
the nucleus, at the ^ex of the figure, to nearly halfway to the 
mar^n of the cup. In the centre of the figure are shown the two 
modified spicular plates, one pentagonal and the other triangular, 
which are developed at the intercalation of a fresh row of spicules. 

2(7. A portion of the outer 8urfa<3e of a specimen in which the summit- 
plates are partiallj'^ destroyed, showing the horizontal spicular rays 
beneath. Enlarged three times. 

2 (f. A vertical section of two specimens imbedded in the rocky matrix. 
Natural size. 

2 c. A vertical section, passing nearly through the centre of a specnmen, 
enlarged three times, showing the extension and the free termination 
of the vertical rays of the spicules. The spicular plates and the 
horizontal spicular rays are undistinguishably merged together in a 
thick outer layer of crystalline calcite (shown white in uie figure), 
and the free vertioal rays are now of the same material. 


Figures 3, 3 JReoeptaculi^es occidentalism Salter. 

3, 3 a, Different views of a fragment of a platter-shaped specimen, 
nartaally freed by acid from the (jalcitic matrix. Natural size. 

Q* perforated inner or upper layer. 

^ t ‘ spicul^ connected with the inner layer. 

5. The summit-plates of the spicules of the outer or under surface. 

UoUected by the author from the lower beds of the Trenton lime- 
Q Fauquettes Bapids, Ottawa Eiver, Canada, 

o views of fragments of the inner or upper layer, 

exposed surface. Natural size. 

, c. The e^me surfroe, enlarged three times, showing its rough chan- 
nelled character. 

3/, ff. The reverse or inner side of the same fragments. The smaller cir- 
cular or elliptical apertures are the canals which extend through the 
mner layer, and the larger shaded circles in figs. 3/, g show the 
pi^B of attachment of the vertical spicular rays to the inner surface 
1 tne layer ; m some places the bro&en ends of the rays yet remain. 
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The ddimitation of the plates, originallj^ composing the inner layer, 
is showtt in 3/, "whilst in 3^ it has partially disappeared. 

3 h-m. Different Tiews of partially detached spicules, enlarged four times. 

3 A. Two wicules in their natural posilion, showing at their bases the 
summitf^lates, the broken truncated ends and the canals of the hori- 
zontal rays, and the neck-like constriction of the vertical rays ; whilst 
at the top tlie vertical rays arc connected with portions of the inner 
layer which unites them together. 

Spicules blowing hollow canals in the inner layer at their summits. 

3^. Spicules in a reversed position, showing in one the thin summit- 
plate immediately above the truncated horizontal rays. 

3 m. Two views of the same spicule, showing the different direction of 
two opposite horizontal rays ; that in 3 1 pointing downwai’ds, and 
its opposite, as seen in 3 directed upwards ; in both the rays ar 
broken, and only their hollow bases remain. At the summit of the 
spicule is shown the interior of one of the canals which penetrate 
the inner layer. 
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53. Notes on some Cretaceous Lichenoporidje. By G. E. Vine, Esq. 

(Communicated by Prof. P. Martin Duncan, E.E.S., F.G.S.) 

(Bead June 25, 1884.) 

In his classification of British Marine Polyzoa (1880, vol i. p. 471) 
Mr. Hincks established the family Lichcnoporidse for the inclusion 
of a very peculiar group of recent Polyzoa. In this family two 
genera are admitted and defined, Lklienopora, Defrance, and Bomo- 
pora, d’Orbigny. In the synonymy appended to these genera no 
fewer than twenty- one obsolete names are given, and others could 
have been added to the catalogue. In his remarks on the genus 
Lichenopora (op. cit. p. 472) Mr. Hincks observes:— “ D’Orbigny 
has constructed a large number of genera, which are merely 
arbitrary groups based on very trivial modifications of this well- 
marked type.” One of the suppressed genera of the Lichenoporidse 
is Eadiopora, d’Orb. ; and as species belonging to the genus are 
occasionally met with in our own Neocomian rocks, I have thought 
it better to direct attention to one species at least, before describing 
a form altogether new. 

The genus Eadiopora is accepted and described by Mr. Busk, in 
his British-Museum Catalogue of Marine Polyzoa (Pt. iii. Cyclo- 
stomata, p. 34), as follows : — 

Family DISCOPOEELLID^, Busk. 

(3) Eadiopora, d’Orb. 

D’Orb., 1874, Pal. Frang. p. 992. 

“ Zoariumadnate, crustaceous, spreading irregularly, and composed 
of confluent disks like those of Biscoporella : surface reticulate or 
cancellous ; cells disposed in serial lines radiating from the centres 
of the constituent disks.” Brit. Mus. Cat. pt. iii. p. 34. 

In the British Marine Polyzoa (p. 473), Mr. Hincks begins his 
description of the sj)ecies of Lklienopora thus: — “ 1. Colony simple ; 
or composed of many confluent disks. {Eadiopora, d'Orbigny.)” 

The type species of Lirhenopora is L. liispida, Flem., and one of 
the varieties of this well-known form is given by Mr. Hincks (p. 473) 
as “ Yar. a (meandrina. Peach).” This is a composite variety with a 
well-marked character ; and if we accept the type and the variety as 
Lichenoporce, why then I can see no justifiable reason for keeping 
the two genera for recent and fossil species, when both may be 
included in one. As, however, there are peculiarities of structure 
in the Ncocomian fossil, altogether unlike the structure of recent 
Biscoporella^, it will be best to redescribe the Cretaceous form. 
I cannot say whether we are right in assigning to d’Orbigny the 
following species ; but as the fossil came into my possession as named 
below, and as I have used the name in my British- Association Eeport 
on Fossil Polyzoa, iv. 1883, I will let it stand for the present. 
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Radiopoea pttstuloba, d’Orb. 


= i2. j^ustulosa. Vine, B. A. Hep. 1883,=? R, hdhosa, d’Orb. Pal. 

Prang. Terr. Cret. Tome v. p. 996. 

1. Superficial Zoaria, — If we examine any ordinary specimen of 
R, pustulosa, which T believe is rather common in the Lower Green- 
sand of Paringdon, wo shall find that the exposed surface is composed 
of a series of undulating or mamilliform prominences which are 
very characteristic. A mere superficial examination of these mamillae 
will show that they are slightly rayed, and that the interspace 
between one mamilla and another is filled in by an apparently loose 
cancellous texture. If the apices of these prominences are slightly 
rubbed down and then examined under a low power of the 
microscope, the rayed character of the series of cells is distinctly 
visible. A better process, however, is to break from the fossil small 
fragments and then prepare and mount them as transparent objects. 
In these sections the structure of this species may be advantageously 
studied, and it is from specimens thus prepared that the following 
observations are made. 

2. Massive Colonial Growth , — The massive growth of R, pustulosa 
is peculiar. The multiform zoaria are built up of a series of 
apparently laminated layers, of varying thickness; but on the average 
four of these layers measure about half a line. There is, however, 
a longitudinal as well as a superficial section which must be studied 
if the details of the building-up of massive forms of the fossil Polyzoa 
are to be mastered. In the longitudinal section of R, pustulosa 
before me there are about thirty of these layers. Towards the base 
of the fossil the disks, which will be described presently, are few 
in number, probably three or four ; but of the primary disk I cannot 
speak. This simple layer, which may be conveniently spoken of as 
the originating layer, is composed of confluent disks, which appear to 
have had a limited range superficially. 

The upward building of colonial growths began at the edges of 
the originating layer, whence fresh or newer zoaria gradually spread 
and consolidated over the first-formed as well as over successive 
layers ; but the disks did not al^^■ays anastomose at the edges, like the 
disks of var. a Peach), previously referred to. Many of 

them remained free, while others were connected, in part, by what 
appears to be cancellous tissue. This, however, I believe to be a de- 
ceptWe feature ; for in all probability what wo suppose to be cancelli 
are only the broken edges of the tubular extensions of disk and disk. 
In some sections of the fossil a peculiar overlapping may be seen, and 
even the beginning of anew disk which will become proliferous on its 
near neighbour. This overlapping,” too, gives rise to a peculiar 
structure of the longitudinal section. In the general building up 
of the zoaria of this species it may be noted that the mamillae 
in each succeeding layer are immediately above the mamillae below, 
and not covering up interspaces or previously formed zoaria 
discrimininately. I cannot tell the why or the wherefore of this ; 
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but the fact being known, the study of a single colony or disk will 
be less puzzling to future students. 

I’ig. 1, -^Sectiom of the- zoarium of Eadiopora pustulosa, d^Orh, 
Enlarged. 



A. Transverse section of the disk ; a. Celluliferous centre ; k Tubular cells cut 

at cliffei’cnt angles, sloping upwards towards the margin of the disk. 

B. Longitudinal section of some of the marginal cells. 

8. Zoarial IJisl'S . — It is almost impossible to break off from the 
fossil a fragment too small to show a single disk at least. Generally 
speaking two or three may be secured. I have drawn, with the aid 
of the camera lucida, a transverse section of one of these disks 
(fig. 1, A). Ill the central part (a) there is a kind of cancellous 
structure, which appears to mo to be nothing more than the cut 
ends of the tubular cells. These arc contiguous, many-shaped, 
but more frequently circular or hexagonal, and the wall of each is 
distinct. 

In the outer region of the disk (h) the circle is composed of long, 
tubular zooecia which radiate from the axis. The zooocia are also 
contiguous by their walls, but in some places these are separated by 
slight division ; but I have no evidence of cancellous interspaces, as 
in some of the Discoporella^^ or even as in Madiopora simplex^ Busk 
(Brit. Mus. Cat. pi. xxxiv. fig. 2). Mr. A. W. Waters, however, has 
identified one of his Bay-of-Naples Polyzoa as B. pustulosa^ d’Orb. 
(Ann. & Mag. Nat. Hist. April 1879, p. 277); and as he speaks of 
“ cancelli-tubes which in the lower half are divided across the axis 
by septa’*' [tabuluc ?], giving this part a somewhat cellular appearance,” 
it seems to me to be pretty evident that our own Lower-Greensand 
species may be looked upon as distinct from the recent Bay-of-Naples 

* Since the above was written, I find that Mr. S. O. Bidley (Ann. & Mag. 
Nat. Hist. June 1881, p. 452) has drawn special attention to the “ septal struc- 
tures in Liehenoporaf in liis paper on the Polyzoa of Franz- Josef-Land. 
Assuming that liis view may possibly be a correct one {pp. cit. p. 453), the 
“ septa,” or “ tabuloe ” of Polyzoan species may ultimately merit special study. 
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B, pustuhsa^ d*Orb. ; but whether it is distinct from the Upper-Green- 
sand form * described by d’Orbigny, I cannot say. 

In longitudinal section of the layers of R. pustulosa, and only in 
certain places favourable for observation, some of the zocecia are 
seen to be small horn-like tubes (fig. 1, B), wide at the top and 
thinning towards the proximal end. The ends of these tubes are 
attached apparently to a laminar layer, but in no sense identical 
with that which is generally represented surrounding the zoarium of 
species of Discojporella, The use of the word “ laminar ” then must 
be regarded as a convenient term, rather than as a structurally 
correct one, whenever it may bo apjilied in descriptions of Palaeozoic 
or Mesozoic Polyzoa. 

In describing Mr. Hincks says {op, cit. p.474), 

“ The composite form seems to owe its origin to succossivc buddings 
from the margin, the cluster of distinct disks thus produced 
gradually coalescing so as to constitute a massive zoarium with a 
mamillated surface.’’ 

It will be scon from the above remarks, and from the figures sup- 
plied, that the structure of the Lower Greensand R, pustulosa differs 
in many ways from that of Lklunopora liispida^ Plcm., R, p>usialosa. 
Waters, and the variety of Z. hispida (var. a meandrina^ Peach) ; but 
the mode of zoarial aggregation seems to be the same in all the 
fossil and recent forms of the Lichen oporidte. In the identification of 
species, however, it is necessary to state whether the forms described 
as Lichenojoora are allied to the more ancient, or to the more recent 
forms. 

The species which I am about to describe is unlike any recent 
Lichemopora known to me, and also unlike any described form found 
in either the Cainozoic or Mcso/Hc rocks ; I am obliged, therefore, 
to describe it as new. 

LiCHENoroRA rATJCiroiiA, n. sp. 

Fig. 2. — Lichonopora paucipora, Vine, zoarium from above. 
Enlarged 20 diameters. 



Zoarium stipitate, with a disk-like capitulum slightly cupped; 
stipitate column coarsely ribbed, arising from a contracted cellular 
base, having a diameter of about one sixteenth of an inch, height of 
* See Waters, op, cit p, 278. 

Q.J.G.S. No. 160. 
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column about half a line ; breadth of capitulum, so far as at present 
known, varying from three quarters of a line to a line. Basal 
attachment or early mode of growth unknown. Zocecia arranged 
in serial rays ; but the cells rarely exceed two in each ray, depressed 
in the central portion of the zoarium, slightly exserted towards the 
margin, orifices oval or circular, peristome thick. Ocscia unknown. 
No cancellous centre or interspaces. 

Horizon : Neocomian. 

Locality unknown. 

The specimens of L, paucipora which I have here described have 
been handed over to me by Mr. George Busk, F.L.S. Ho informs 
me that they were discovered by Prof. P. Martin Duncan, E.R.S., 
amongst other fossils from the Greensand of some unknown 
locality. 

It appears to me to be pretty evident, from the peculiarities of 
the marginal cells in the full-sized capitulum already figured, that the 
zoarium of this species may yet be found to grow much larger than 
in the specimens submitted to mo for examination. The transverse 
section of the capitulum, and also the longitudinal section of the 
column, arc unique in character, and in all probability we have hero 
the colonial beginning of some unknown type of Mesozoic Polyzoa, 
rather than a matured species ; nevertheless* it will be better to allow 
the form to bear the name given to it. 
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64. Observations on certain Tertiary Formations at the south base 
of the Alps, in North Italy. By Lt.-Colonel H. H. Godwin- 
Austbn, F.B.S., F.G.S., &c. (Bead June 25, 1884.) 

Having last spring paid a visit to the south side of the Alps, my 
principal object being to see and examine the magnificent moraines 
of Ivrea, and the Val d’ Aosta, which supplied the materials of which 
they are composed, I was led into the examination of certain Ter- 
tiary formations which this great mass of moraine material generally 
conceals. These Tertiary beds, exposed at a few points near Ivrea, 
have long since been noticed by the Italian geologists who have 
studied and written about this part of the country. 

My interest thus aroused, 1 afterwards proceeded to visit similar 
patches at Boca and Maggiora, cast of the Sesia river ; but it was 
not until I got to the Lago d'Orta, and was walking over the 
moraines at its southern end, that I came on the most interesting 
section containing the best-preserved fossils. These latter have been 
examined and named by Dr. Gwyn Jeffreys, and the appended list 
greatly increases the interest and value of this communication. I 
shall begin therefore by giving a detailed account of this section, 
referred to casually in my Address to the Geographical Section of 
the British Association at Southport in 1883, and I shall afterwards 
refer to other localities in their turn. 

Section at Buccione. 

Those who know the Lago d’Orta will remember the old tower 
that stands so conspicuously on a steep point at the southern end 
of that lovely little hike, which, though very small when comjiared 
with its neighbour the Lago Maggiorc, possesses many striking 
points of ditforenco and interesting i)hysical features. The level of 
its surface is far higher — by 580 feet. Like "Maggiore, it lies in a 
north -and-south valley, but its drainage is diametrically opjiosite, 
viz. from south to north ; this was not, 1 think, the original direc- 
tion in prcglacial limes. During those conditions the moraine 
matter was swept south against the present drainage-lines, convert- 
ing Monte Mottcrone and its spurs into a gigantic isolated mass, 
like an island in a sea of ice, precisely similar to those isolated 
masses of rock that arc often seen in existing glaciers on a smaller 
scale. The principal point of interest relating to the section is its 
position so well witliin the mountain-zone ; other points will be 
shown as the section is described. 

Proceeding from Orta southward, along the main road on the east 
margin of the lake (see Map, fig. 1), we come at last to a little bay 
under and to the north of the commanding point on which the old 
tower of Bucciono stands ; and a little ravine here runs up tho east 
side of tho porphyry spur (fig. 2). Works connected with tho 
new railway extension from Borgomanoro were in progress, so that 
good fresh sections were exposed at the head of this ravine. 
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Fig. 2 — Section in line A, B, C of Map, 1- 
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The moraine debris has been deposited with the pjeneral slope of 
its layers northward towards the lake ; great crushing of the 
same was apparent, in consequence of its being impeded by the 
mass of porphyry; it had been forced up and over this gorge, 
and it contained some enormous blocks. The hill-slopes to the 
east are all of the same porphyritic rock, capped by moraine 
matter up to a considerable height. On reaching the new railway 
bridge and the top of the ascent. I emerged upon a plateau drain- 
ing and stretching southward, with long regular lines of parallel 
moraines rising from it and trending in the same direction. Turn- 
ing to the right, the road descends towards Villa Luzzara, having 
on the right side a small ravine running down to the lake ; south- 
west of the tower, and rising on the loft side, is the scarp of the 
moraines. A short distance further, at apoint nearly duo south-south- 
east of the tower (figs. 1 & 2), I came on a low scarp (exposed in cutting 
the road) of well -stratified bods, horizontal from west to east, facing 
the road, consisting of blue-tinted micaceous sands with somo 
purple-coloured beds. A very brief examination showed them to 
be fossilifcrous and marine : and in one bed, about 4 feet thick, the 
fossils were well ])rcserved but not numerous. I got out as many 
as 1 could, although the pouring rain prevented me from making as 
much use of the time as I could have wished ; the number of species 
is therefore not groat. From the level of the road I traced these beds 
up a little ravine to a height of about 05 foot above it, their 
upper surface being there distinctly worn off and rounded smooth 
by icc-actiori. At the top the bods a]>pea.red to dip slightly 
northwards ; but this I am inclined to think was due probahly to the 
pressure they have been subjected to, or to a slight slip, rather than 
to any displacement of level or contortion ; for the lower beds close 
to the road did not a^'pear to partake of this dip. Above, these 
deposits arc capjied by the moraines I have before alluded to, and 
marine talus from the same conceals them elsewhere to the right 
and loft. 

Descending gradually towards the entrance-gate of the Villa 
Luzzara, and with a clear view fo the north np the lake, the higher 
moraines arc left behind, and nothing hut glacial deposit is seen on 
the surface. This gateway is situated on the water-parting at the 
extreme southern end of the Lago d’Orta . The marine beds have hero 
been removed, and if any occur below the transported material, they 
must be a far lower set of beds of ibis series. 

I found none below the road near the section, where a steep grass- 
field leads down into the ravine, and extends to the porphyritic 
scarp of tho Euecione promontory. 

Standing on the higher level of these marine beds, here 1500 feet 
above the sea and 217 feet above tlie level of the lake (and it must 
be remembered that many feet of the upper beds have been swept 
away), I looked away northward over the lake, and ray horizon cut 
the lofty spurs north of Cuzzngo and Vogogna on the Tocc river, at 
a level of 850 feet above tho Lago Maggiore, into which it flows. It 
appeared to me that tho marine beds had once had a far greater 
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extension to tho northward, far down the valley towards the Toce, 
before the great alteration of level which placed this longitudinal 
valley relatively so much above that of Maggiore. That this 
depression of the Lago d’Orta was once an arm of that Tertiary 
sea, I think there is little doubt. Wc have a southern extension of 
highl}" fossiiiferous Pliocene strata, thirteen miles due south and to 
the west of Borgomanero, as I shall presently describe. These 
marine beds must also have extended east and west across the 
valley, possibly much above this level of about 700 feet above tho 
present bottom, taking 500 feet as the maximum depth of the lake*, 
aud this long previous to the commencement of the glacial ci)och, 
during which they were removed, and that so completely that only 
these remnants now exist. If wo examine the position of the rem- 
nant of Buccione, wo can easily see how it has been preserved. 

Directly north, and only about 500 yards distant, stands the pro- 
montory of Buccione, a mass of rock rising 250 feet liigbcr, which 
has withstood the whole period of glacial action, and here impeded 
that force southward. These marine beds wci’c thus at an early 
period defended from the direct destructive glacial action, and in 
this sheltered position have been preserved. Directly you pass to 
the west of the Buccione hill and obtain a clear view north down 
the valley, as 1 have shown above, the Tertiary beds disappear. Two 
other similar exam])les of this accidental preservation of oncte exten- 
sive deposits, due to their topographical position during the great 
movement of the former gigantic glaciers and their moraine dthris 
down the Hanks of these mountains towards the plains, came under 
my notice. 

List of the Fossils named hy Dr. J. Gwyn Jeffreys. 

Area antiquata, Liviie. Kassa costulata, Brocchi. Mio- 

Diplodonta rotuiidala, Montagu. cene and Pliooene. 

Corbula gibba, OUvi^ tnrbinollus, Brocchi. 

Natica catena, J)a Coafa. Bulla ulriculus, Brorchu 

Cahsidaria eeliinophora, L. Mio- ovulatn, Brocchi. 

cene and Pliocene, llingicula buccinea, Brocchi, 

He adds: — “In all 10 species. I consider them older Pliocene 
or Plioceno inferiore of the Italian palaeontologists.’’ 

Section at Boca. 

In the bed of the Strona stream, east of Boca, at 1172 feet above 
sea-level, just above the bridge, four feet of rich ochry sandy clay, 
and thick-bedded red clays, wath a bed of conglomerate (having its 
upper surface undulating, as if dciinded), are seen in the low bank, 
dipping 35° south-west. The conglomerate is composed of boulders, 
from 2 to 4 inches in diameter, of the adjacent porphyrj’, with schists 
and granite from the mountains to the north, showing that in early 
Pliocene times their waste was considerable, and that it came from 
the Orta valley. 

* The greatest depth (140 metres, or 459 feet), I am informed by Mr. G. 
Ronchettiof Orta, is between the point of Crabia and the cascade of Acqualba. 
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These boulders, although retaining their form and colour, are so 
completely disintegrated and softened that they can be sliced off in 
mass easily with the edge of the hammer. 

Higher up the winding ravine the dip changes to south, at a 
lower angle, and the beds rest against the porphyry, the lowest beds 
being gritty, with quartz pebbles and red ochraceous beds above. 
The Tertiary beds can be traced here and there below the bridge, 
but are there of a grey marly character, and only showing in the low 
banks as far as the high road from Boca towards the plains beyond. 
I^he village stands on the same formation, wdiich here rises to about 
250 feet, west of the stream. 1 could find no fossils. 

Section at Maggiora. 

The next section of the Tertiary beds occurs at Maggiora, about 
a mile to the east, on the road to Borgomanero ; and, owing to the 
formation of a new road descending towards the Sizzone river, good 
fresh sections were exposed in the Pliocene. 


Fig. 4:,-^Scction under Maggiora, 



Just alter leaving the village the descent commences, and at 
1188 feet by aneroid, the beds are seen resting on the original 
sloping surface of the porphyry (fig. 4), at what must have been 
at one period of their deposition the sea-margin ; for a bed feet 
thick, of a rusty-coloured muddy sand (5'), rests on broken angular 
debris of the adjacent poiqihyry, buried in a similar sand (a), with 
no admixture of other rocks. 

The base of this bed (6') for a few inches is crowded with marine 
shells, a small Pectm being common ; but they are not in a suffi- 
ciently good state of preservation to carry away, or to collect hur- 
riedly, and I had no time to do so in a methodical manner. These 
deposits are horizontal, and extend to the level of the river below, 
1089 feet above sea-level, so that about 100 feet or more of these 
beds are here exposed, blue-grey beds among them (and I noticed 
them low down in the next ravine to the east, the Vallanzana). 
They have all the appearance of having been deposited in a sinking 
area against a steep and originally rocky coast-line. This is an 
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exceedingly instructive section. These beds are capped, as shown 
in figure 4, by moraine debris (c) ; and it is interesting to note 
that this moraine matter is the western limit of the great right 
lateral moraine which was thrown out from the Yal d’Orta. On 
passing to the westward of Maggiora no more of such drift is seen ; 
the low porphyry hills at the back of Boca are free from it. Here, 
again, we find the soft Tertiary formation coming in where glacial 
action has been in a less degree exerted, on the margin of the great 
glacier which extended from this point 18 miles without a break, 
to the left lateral moraine on the flank of Monte Grande, near 
Gavirate, on the Lago Yaresc. This Tertiary remnant has here also, 
as at the Lago d’Orta, been protected by the steep scarp of the porphyry 
against wliich it rests. If these beds, as well as those at Boca, be 
proved to belong to the Newer Pliocene, like those at Monte Grande 
and at Strambinello, near Ivrca, then this was somewhere near the 
limit of the coast-line of that later Pliocene sea. Maggiora is more 
than 500 feet above the level of Lago Maggiore, only eight miles to 
the east, so that if during /a Pliocene times the sea did not extend 
to the Orta valley, there is every reason for supposing that it did 
extend far up ihe clei)ression of Maggiore, and its two great branches 
the Toco and Ticino, of which I shall give some further proof. The 
Inferior, or Older, Pliocene of Orta first described, may have had 
even a wider extension northward, further within the mountains 
than the Newer, 


The Keighbourhood oe Ivrea. 

The next and last sections I shall refer to arc those I saw first 
in the neighbourhood of Ivrca, especially that at Strambinello, 
referred to by Gastaldi. I am indebted to the kindness of Signor 
Luigi Bruno, a land-surveyor of Ivrca, for call'.ng my attention to 
the section ; it was he who recommended me to visit the ])lace, 
as well as several others of geological interest in the neighhourhood ; 
and he also showed me his plans and sections. ^ly best thanks are 
also due to him for his section, which I now produce (fig. 5), made 
in 1870, drawn by him, and subsequently forwarded to me. 

Any one visiting this old town should go to Stramhimllo ; for not 
only is it interesting to the geologist, but the scenery of the Chiu- 
Bclla valley is very beautiful. As the section may not he commonly 
known to English geologists, and as it is most insti nctive and bears 
on the previous sections treated of, I givo a description of it. 

At the bridge spanning the Chinsella bc 5 ’ond Strambinello, at 
1059 feet above the sea, the base of the Pliocene with marino shells 
is seen, resting horizontally' on the diorite rock, through which the 
river has since cut its way’ some feet below. The difierence of 
denudation and its action on the rock is very well displayed here, 
when, first, it was subjected to ice-action and water combined, and, 
secondly, to water-action only’, as at the present day^ 

On the south bank the Pliocene is broken up and mixed with 
diorite detritus, showing that their destruction was due to their more 
Q.J.G.S. No. 160. 3 m 
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exposed position, further from the steep slope of the hill behind an 
against which they were de 2 )Osited, 

Fig. 5. Section across the Chiusella at the Ponte del Preti near 

Strambinello. 



In the Mnscnm at Ivrca I was shown a collection of marine shells 
found in the Newer riioeeric h(‘ds of this ^^orii’(‘, PeUn jarohava being 
common. Not far distant, hoyond Si. (iiovanni, in the llorriaiui 
ravine, the Pliocene hods are again met with ; hnt only a few feet of 
them are visible in the bed of the ravine. I eonld find no marine 
shells ; and Signor Luigi Pruno, who hnow^s the country and its 
geology well, told mo that here they are very rare indeed. At the 
lowest exposed level w^as abed of yiale hluish sandy loam, which con- 
tained fragments of long yiieces of fossil wood a good deal carbonized. 
The great massive moraino-de])osits rest ujion and surround this rem- 
nant or outlier of the Pliocene formation, wTiich no doubt in a similar 
way underlies the terminal moraine as far as those exposed on and 
near the Lago di Candia. At first the higher bods were destroyed 
by the advancing ice, and w’cre broken up and contorted, portions 
only being finallv i)rotoctcd from furtlicr denudation by the moraine 
matter being j)ilod up above them. 

When W’e survey this eouutry from some central and commanding 
point, such as the Casiiglia hill in Ivrea, the position of these Plio- 
cene beds in the cast-to-west gorge of the Chiusella is better under- 
stood. They are seen lying close under the steep slope of the diorite 
ridge which extends from Brosso to Yistorio, and which is capped 
by the great right lateral moraine of the old Dora Baltca glacier ; 
this, when entire, swept over the gorge, then filled with ice, and 
was united in one continuous moraine with that on the south at 
Bairo &c. The ice and these accumulations moving at right angles 
to the narrow gorge, its force W’as considerably diminished just 
under the lee of the diorite face of the hill above Strambinello, and 
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the moraine profondo covered np, protected, and preserved the small 
remnants of the marine beds which remain to tell so much of past 
conditions here. 

Again, ascending to the top of La Serra, the grand left lateral 
moraine, and crossing its great breadth of four miles to Monte 
Gran do on the Biella road, dii'cctly we pass off the area where 
glacial action has been excessive, the Pliocene formation is again 
met with in this more sheltered corner. 

It is difficult to sa}^ to what thickness the Pliocene had attained 
before the final elevation to its present altitude, and it may once 
have been higher ; it had a great horizontal extension at the south 
base of the Alps, and there has been an enormous destruction of 
these beds, chiefly during the Glacial period. I believe that the 
Pliocene sea extended far up the main valleys in fiord-like arms ; 
and it is not surprising that all deposits of this ago have been so 
completely and cleanly swept out of those valleys, so that, with the 
exception of the remnant on the Lagf> d’Orta, not a vestige rom.ains. 
Within the valleys glacial denudation, when at its maximum, must 
have been more rapid and complete than on the southern face of the 
mountains ; and yet even here for miles there is no trace of these 
deposits. 

I trust that in bringing these sections to your notice I have been 
able to show how the existing portions have been preserved, and 
what is their relative position to the present valleys and lake- 
basins. 

At Arona, where I spent some days exploring the country on 
both sides the Lago Maggiorc, I was fortunate enough to find, near 
the village of Dorrniletto, traces of marine conditions. This village, 
situated on the south-west extremity of the lake, stands on a 
plateau about 100 feet above it (112 feet by aneroid), and closo 
under the moraine which rises immediately to the west. This 
moraine is much iulersccted hy narmw ravines, showing on their 
sides fine sections of the moraine profoiide, and the surface moraine 
on the top. 

In the bed of such a ravine close to Dorrniletto fossils were 
found in a patch of fine white gritty marl, showing up through the 
subangular debris. Its position in aitn I never determined quite to 
my satisfaction, so small a iiorlion being uncovered; and 1 had no 
means of excavating for any distance and removing the gravel and 
blocks of stone which covered it. It was in the very lowest and 
narrowest part of tho ravine, just where it opened on to the plateau, 
so that nothing below this level can bo seen in any direction. If 
this is a largo detached block buried in the ravine, then it must 
either have been derived from the cliffs at tho head or on the side 
of the ravine, or it has been washed out of the moraine material. 

After very close search, I could discover no bed similar to it in 
the ravine above, nor any blocks of similar material in the glacial 
sands and clays. In either case it is interesting ; if it is in situ^ 
we have proof of marine conditions hero ; if transported, it must be 
a portion of beds not far distant, situated at a higher level to the 
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north, whence all the moraine debris has travelled. I am inclined 
to think it is in situ, because on removing as much as I could of the 
sand and stones I did not reach the bottom of the mass; also 
because the present level of the bottom of the ravine, as well as 
that of the plateau in front, may be assumed to be due to the im- 
permeable nature of this clay, of which a small portion only is now 
exposed to view. 

I have thought the presence of this fossiliferous clay worth re- 
cording, as it may be still more exposed in another j^ear or two 
here or in some of the adjacent ravines, and others may be led to 
visit and examine the section*. 

* The fossils are mostly casts cf Mollnsca, Echinoderma, &c. ; but the marl 
is full of organisms of various kinds, which I Lope to get examined. 
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Archaean groups of Anglesey, relations 
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— and Lower Palaeozoic rocks of 
Anglesey, Dr. Callaway on the, 667. 
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& H., sp., from the Wenlock Shale, 
with remarks on the group to whi(Sh 
it belongs, 174. 
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Dykes, Mr. Teall on some north-of- 
England, 209. 
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Echidna (recent), pelvis of, Proc. 55. 
Kchinodus paradoxus, 631. 

Eisenach, section across Gopelskuppe 
near, 393. 
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Foraminifera, Prof. Jones on the, 
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of the shelly patches at Bridling- 
ton Quay, Dr. Crosskey on the, 326. 
Fort Doyle, grooved weathering in 
dioritic rock, south of, 409, 

Fortha to Burckhardsroda, section in 
Werra railway from, 395. 

Fossils, Great Oolite, from the Rich- 
mond and Tottenham Court Road 
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Fossil wood from the Prince’s dock, 
Bombay, Oapt. Stiffe on, Proo, 4. 


Freshwater and terrestrial animals. 
Prof. T. M‘K. Hughes on some 
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Frondicularia oolithlca, 769. 
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Kidston on the, 690. 
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410 ; analysis of, 412. 

, veins of, at Porthalla, 462. 

Gardner, Mr. J. S., on British Creta- 
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Garth, conglomerates from west of, 
204. 

Gaudry, Prof. A., award of tlie Wol- 
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Cilaucanonie, Mr. Vine and Mr. Shrub- 
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beds, by W. Whitaker, 599. 

Gopelskuppe, near Eisenach, section 
across, 393. 

Gold-mining districts, Mr. Baddeley 
on the, on the surface of the globe, 
ProG. 63. 

Gmiphacanthns acuftis, 618. 

Goniolina, 8M, 835. 

Granites, Japane.se, 452. 

of Guernsey, 412, 422. 

Granulite of Porthalla, 464. 

Great Oolite in the Richmond well- 
boring, 741. 

fossils from the Richmond 

and Tottenliam Court Road wells, 
760. 

strata in Meux’s well, 744 ; 

f eneral characters of the, under 
iondon, 767. 

Guernsey, Rev. E. Hill on the rocks 
of, 404. 

, Prof. Bonney on some rocks 

from, 420. 

Guildford, Lt.-Col. Godwin-Austen on 
the new railway-cutting at, 699. 

, Mr. W. Whitaker on the Eocene 

beds at, 599. 
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Hartley and Seaton Dykes, 237. 

Halcliffe, plan of the valley near, 1()3 ; 
section across ravine S.W. of, 1(>4. 

Hebburn Dyke, 231. 

Hemiclac/^}duft unims'pidaim^ 620. 

Hett Dyke, 228 ; analysis of the rock 
of, 230. 

Hicks, Dr. H., on the Cambrian eon- 
gloinorates resting upon, and in the 
vicinity of some Pre-C'ambrian 
rocks (the so-called intrusive 
masspB) in Anglesey and Caernar- 
vonshire, 187 

, Prof. Bonney on some rock- 

specimens collected by, 200. 

, on the Pre-Cninbrian rocks of 

Pembrokeshire, with especial refer- 
ence to the St , David’s district, with 
an appendix by Mr. T. Davies, 007. 

High-Cireon dykes, 23{i ; analyses of 
the rock of, 240. 

High Peake, section through, 258. 

High-Veldt beds, 0()2, 005. 

Hill, Rev. E., on the rocks of Guernsey, 
with an appendix by I’rof. Bonney, 
404. 

Ilinde, Dr. G. J., on some fossil Cal- 
cispougos frori; the well-boring at 
Richmond, 778. 

, on thcReccptaculitidflB, including 

the genera Lschadifes, Murcliison 
(^Tefrm/onis, Eichwald), 
apongia, Pengelly, Acanflwohonm, 
gen. nov., and Mca(‘ptacAilite.% De- 
france, 795. 

Holyhead Archasuii area, relations of, 
to the Palaeozoic rocks to the east, 
571. 

road, sections near, 574. 

Honiershain, Mr. C., on a deep boring 
at Richmond, Surrey, 724. 

Hope Cove to Torcross, Prof. T. G. 
Bonney on the geology of the coast 
from, 1. 

Hornblende-andesite, Japanese, 449. 

Hornblendc-gabbro, of Guernsey, 410, 
425 ; analysis of, 412. 

Hornblende-schist of Porthalla, 466 ; 
analysis of, 467. 

Hornblendic rocks of Guernsey, 423, 
425. 

Homera foliacea, 688. 

frondiculata, 687. 

Hughes, Prof, T. M^K., on some 
tracks of terrestrial and freshwater 
animals, 178. 

, on the so-called Sgo^igia para* 

doxica, S. Woodward, from the 
red and w hite chalk of Hunstanton, 
273. 


Hulko, J. W., Esq. (President), Ad- 
dress on presenting the Wollaston 
Gold Medal to Prof. A. Gaudry, 
l^roc. 30 ; Address on presenting the 
balance of the Wollaston Donation 
Eund to E. T. ?sewton, Esq., 30; 
Address on presen ting the Murchison 
Medal to Dr. Henry Woodward, 
31 ; Address on handing the balance 
of the Murchison Geological Fund 
to R. Etlieridge, Esq., for trans- 
mission to Martin Simpson, Esq., 
32 ; Address on handing the Lyell 
Medal to I’l-ol'. W. H. Flower for 
transmission to Dr. Joseph Leidy, 
33 ; Address on presenting the 
balance of the Lyell Geological 
Fund to Prof. C. Lapworth, 34; 
Address on lumding to Prof. Bonney 
a portion of the proceeds oi* the 
Barlow- Jameson Fund for trans- 
mission to Dr. J. Croll, 35 ; Address 
on handing to IVof. Seeley a second 
portion of tlu; proceeds of the 
Barlow -Jameson Fund for' trans- 
mission to Prof. Leo Lesquereux, 

36 ; Anniversary Address, February 
15, 1884. Ob'itnary Noficen of 
J)ec€aHi‘d FcUowfi : — Prof. Oswald 
Ilecr, 37 ; Dr. Joachim Barra nde, 

37 ; Prof. 8ven ISilsson, 38 ; Dr. 
P, Mcrian, 38 ; M. 11. Coquand, 38. 
Addj'ess on the work done by the 
Society during the year 1883, and 
on recent contributions to the 
knowledge of the skeletal anatomy 
of Dinosaurs, 38. 

Hunstanton, Prof, lluglies on the so- 
called Sjmngia paradoxica of the 
red and white chalk of, 273. 
Hymeiiopbyllites (Sphenopteris) quad- 
ridactvlites, Mr. Kidstou on, 
596. 

Idmonea aldingensis, 096. 

atlantica, 683. 

hifrons, 685, 

Hochstettcriana^ 684. 

Milneaiia, 684. 

radians, 684. 

triquotra, 796. 

Iguanodon bcrQmartmsiHf skull of, 
Proc. 48. 

Hmenite in the Whin-Sill rocks, 650. 
Inoholia Qnicida, 779. 

Iron amianthus, Rev. J. M. Mello on 
a specimen of, Proc. 65. 

oxide of the Whin-Sill rocks, 650. 

Irving, Rev. A., on the Dyas (Per- 
mian) and Trias of Central Europe, 
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and the true divisional line of the 
two systems, 389. 

Isastrgea explanata, 718. 

globoaa, 373. 

Giimbelii, 373. 

portlandica, 719. 

sinemurieusis, 373. 

tuberosa, 713. 

Ischadites, 810. 

? inosculaiis, 840. 

K(£nigu, 830. 

Lmdstrournii, 839. 

Murchisonii, 838. 

tessellatus, 839. 

Italy, !North, Lt.-Col. Godwin-Aiisten 
. on some Tertiary formations at the 
south base of the Alps in, 855. 
Ivrea, Pliocene deposits in the neigh- 
bourhood of, 801. 

Japanese rocks. Dr. Koto on some, 
431. 

Jefireys, Dr. J. (4\Yyn, on Brocchis 
collection of Subapennine shells, 28. 
, list of shells from the “Base- 
ment” clay at Bridlington Quay, 
319. 

Johnston “Lavis, Mr. H. J., on the geo- 
logy ol‘ Monte Somma and Vesuvius, 
being a study in vulcanology, 35. 
Jones, Prof. T. R., on the Fora- 
miiiifera and Ostracoda from the 
deep boring at Richmond, 7()5. 
Judd, Prof. J. W., on the nature and 
relations of the Jurassic deposits 
which underlie Loudon ; with an 
introductoi*y note on a deep boring 
at Richmond, Surrey, by Mr. Collett 
Homersham, 724. 

Jukes-Browne, Mr. A. J., on some 
postglacial ravines in the chalk 
wolds of Lincolnshire, 100. 

Jurassic deposits which underlie 
London Prof. Judd on the, 724. 

Ketley, near Wellington, drift-section 
at, *207. 

Kidston, Mr. Robert, on tlie fj-uctifi- 
cation of Zeilleria {Sphenopieris) 
delicatula, Sternb., sp., with remarks 
on Urnatopteriti (Sjjhmoptcris) 
tend la, Brongt., and Hymenophi/l- 
lites {Sphenopteris) qmdridactylites, 
Q-utbier, sp., 590. 

Kimberley, section from, to the Kro- 
kodil river, 061. 

Kingsthorpe road boring, 484. 

Koto, Dr. Bundjiro, on some Japanese 
rocks, 431. 

Krokodil river, section from Kim- 
berley to the, 061. 


Labyrinthodont amphibian {Rhytid- 
osteus capensis) from the Trias of 
the Orange Free State, Cape of 
Good Hope, Sir R. Owen on a, 333. 
Ladran Bay, section through, 258. 
Lagena lamm, 709. 

Lagno di Trocchia, section exhibited in 
the north bank of the, 87. 

Lago d’Orta, map of the southern end 
of the, 85(>. 

Lamplugh, Mr. G. W., on a recent 
exposure of the shelly patches in 
the Boulder-clay at Bridlington 
Quay ; with notes on the fossils by 
Dr. J. Gwyn Jcirreys, Mr. E. T. 
Nowton, and Dr. H. W. Crosskey, 
312. 

Lancashire, low-level Boulder-clay of, 
rock-fragments from the south of 
Scotland imbedded in the, Mr. T. 
Mellard Reade on, 270. 

Lapworth, Prof. C., award of the 
Lyell Geological Fund to, Proc. 34. 
Latiin.'candra, sp., 713. 

sequana, 718. 

Lavas, Japanese basalt, 451. 

Lcda angidaia, 138. 

llnmta, 136. 

Maries, 13>8. 

phascolma, 135. 

scapha, 138. 

— Seeley i, 137. 

mlea, 139. 

spaihidata, 139. 

sufyrccurva, 135. 

Vihrayeana, 137. 

Leidy, Dr. J., award of the Lyell 
Medal to, Proc. 33. 

Leith Hill, section through, 012. 
Lesquoreux, Prof. Leo, award of a 
portion of the Barlow- Jameson 
Fund to, Proc. 36. 

Leyburn, Mr. J. W. Davis on some 
remains of fossil llshes from the 
Yoredale series at, 614. 

Lias, South Wales, Mr. Tomes on the 
Madreporaria of the conglomerate 
at the base of the, 353. 

, white, of the middle and western 

counties of England, Mr. Tomes on 
the Madreporaria of the, 353. 
Lichonopora aldingensis, 695. 

holetiformis, 695. 

cochloidea, 695. 

hispida, 694. 

paucipora, 853. 

radiata, 694. 

variabilis, 696. 

Lichenoporidaj, Mr. Vine on some 
Cretaceous, 850. 

Lincolnshire, Mr. Jukes-Browne on 
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some postglacial ravines in the 
chalk wolds of, 160. 

lAttorma^ glohom, 320. 

J/dmla deprcsm, 76r>. 

Llanddeiniolen, st^clion from N.W. of, 
to Llyn Padarn, 198. 

Llanercliymedd, rock-specimen from 
east of, 202. 

Llaiifaclog, conglomerate of, 191 ; 
section tbrougli, 193; rock-speci- 
mons from near, 200, 201 ; section 
from Tywyn to, 573. 

LI an fib an gel congioinerate, .572. 

LlaiiAirn bods, Abcreiddy, Pembroke- 
shire, Mr. T. Roberts on a new 
species of Conoceras from the, 636. 

Llecbyn-farwy, section from, to 
Owaen-ben, 575. 

Llyn-faelog, conglomerates from 201, 

202 . 

Llyn Padarn, section from R.W. of 
Llanddeiniolen to, 198. 

Llys Dinorwig, section tbrougli, 198. 

London, Prof. Judd, on the Jurassic 
dc])osits which underlie, 724. 

, w'ater-supply of, 756 ; possible 

existence of coal under, 758. 

Loplmlifs aiigtdarh, 628. 

hifurccdus, 628. 

■ co?im 4 ,s, 627. 

’rovis, 627. 

refiendatus, 626. 

serratus, 627. 

Lophojjhyllmn^ sp., 499. 

Louth, plan of the valleys near, 162. 

Low-level boulder-clay of Lancashire, 
rock-fragments from the south of 
Scotland imbedded in the, Mr. T. 
Mellard Eeade on, 270. 

Lower New Red Sandstone of Penrith, 
Mr. G. V. Smith on the discovery of 
footprints of vertebrate animals in 
the, 479. 

Palaeozoic rocks of Anglesey, 

Dr. Callaway on the, 567. 

Lyell Geological Fund, award of the, 
to Prof. Charles Lapworth, Proc, 34. 

Medal, award of the, to Dr. J. 

Leidy, Proc. 33 . 

Macrocypris Bradiana, 766. 

Madagascar, Dr. Parker on the 
geology and mineralogy of, Proc. 69. 

Madreporaria, Mr. Tonies on the, of 
the conglomerates of the South 
Wales Lias, 353. 

-, Mr. Tomes on the, of the White 

Lias of the middle and western 
counties of England, 353. 

, Oolitic, of the Boulonnais, Mr. 
Tomes on the, 698. 


Maggiora, section under, 860. 

Magnetite in the Whin-Sill rocks, 
650. 

M^s ; of the South-Devon coast trom 
Torcross to Hope Cove, 2 ; of 
the country near Swaby, 161 ; of 
the valleys near Loutli, 162 ; of 
the valley near Hatclilfe, 163 ; of 
miniature delta, Rake reservoir, 
263; of the St. David’s district, 
295; of Ogof Golchfa, 298; of 
Ogof-Llesiign, 300 ; of country tra- 
versed by. the Canadian Pacific 
Rjiilway, 385; of the Porthalla 
district, 460; of broken gi'ound 
near Porthalla Cove, 465 ; sbuw’ing 
recent encroachments of the sea at 
Westward Ho !, 479 ; of coast south 
of Nun’s Chaix;!, 526; of Allan 
valley at Porth-cbiis, 532; ol‘ Di- 
metiau broken up by a dyke on the 
shore at Ogof-llesugn, 539 ; of the 
Treiorwertb synclinc, 572 ; of Ty- 
wyn ridge, 577 ; of the northern 
parts of tlie high-level coal-fields 
of South Africa, 658 ; of the 
southern end of tlie Logo d’Orta, 
856. 

Marginulina raphamis^ 769. 

Mastopora, 834. 

Medicine Hat, South Saskatchewan 
river, section near, 381. 

Meerane, section of quarries near, 
391. 

MegalichthySt Prof. Miall on a new 
specimen of, from the Yorkshire 
coalfield, 347. 

Hibberti, 347, 633. 

Mello, Rev. J. M., on a specimen of 
iron amianthus, Proc, 6 c. 

Melmerby, section through, 479. 

Menai Straits, oonglomeratee from 
shores of, 204. 

Metcalfe, Mr. A. T., on further dis- 
coveries of veilebrate remains in the 
Triassic strata of the south coast of 
Devonshire, between Budleigh Sal- 
terton and Sidmouth, 257. 

Meux’s Well, Great Oolite strata in, 
741. 

Miall, Prof. L. C., on a new specimen 
of Megalichthys from the Yorkshire 
coalfield, 347. 

Mica-chist, microscopic section of, 
from the Bolt Head, 15. 

Mica-trap of Guernsey, 426. 

Micrabacia coronula. Goldfuss, sp., 
Prof. Duncan on, 661. 

Microscopical characters of the Whin 
Sill, Mr. Teall on the, 640. 

Microscopic structure of some rocks 
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Pala50zoic Polyzoa, Mr. Vine and Mr. 
Shrubsole on a suggested classifica- 
tion of, 329. 

rocks beneath Northampton, Mr. 

Eunson on the range of the, 482. 

, oldest, of Anglesey, age 

of the, 579. 

Parker, Dr. G. W., on the geology 
and mineralogy of Madagascar, 
Vtoc. 69 . 

Parkinson, Mr. C., on the Droitwich 
brine-springs and saliferous marls, 
248. 

i’asceolus, 834. 

Pavotubigera dimidiaia, (>V)1 . 

fiaboUata, 691. 

gainhierensis, 692. 

Peake Hill, section througli, 258. 

Pea^ Marsh, Kection tlirougli, 612. 

Pebidian rocks, evidence oi‘ ago of, 
518; origin and petrological cha- 
racters of, 519. 

Pembrokeshire, Mr. Davies on the 
microscopic structure of some rocks 
from, 548. 

, Dr. Hicks on the Pre-Cambrian 

rocks of, 597 . 

Mr. T. Roberls on a new spe- 
cies of Conocerns from tlie Llanvirn 
bt^ds of Aberoiddy, 636. 

, new areas of Dirnetian rocks in, 

512 ; new areas of Arvonian rocks 
in, 51(). 

Penning, Mr. W. 11., on the high- 
level coalfields ol South Al'rica, 
658. 

Penrith, Mr. Q. V. Smith on Home 
lootprints of vertebmte animals in 
the Lower New Red Sandstone of, 


Beacon, section through, 479. 

Pen-v-Cyfrwy, section Irom Porth 
Seli to, 524. 

Pon-y-Q^r, conglomerate from, 203. 

Perlitic structure, Mr. F. Rutley on 
strain in connexion with crystalli- 
zation and the development of, 340. 

Permian, general relation of, to the 
Trias, 398. 


Feronella nana^ 780. 

Petahdopsis tripartitm, 622. 

JPetalodui^ acummatus, 624. 

Petrologj^ of conglomerates in Ang 
sey and Caernarvonshire, 200 ; 
some North-of-England dykes, ii) 
of the Guernsey rocks, 420; of sor 
t^pancse rocks, 431 ; of rooks fro 
the St. David’s district, 548-55J 
ot some Anglesej' rocks, 583 ; of tl 
rocks of the Whin Sill, 642. 

Pholidophyllum, 177. 


Physonemus haTmtus, 617. 

Plagioclase basalts, Japanese, 449. 

Planorhulina farcta, 770. 

Haidingcri, 770. 

Plans (see Maps). 

Pleistocene sands observed in the new 
railway-cutting at Guildford, Lieut. 
Col. Godwin- Austen on the, 599. 

Plesiosuchus, Owen, Sir R. Owen on 
the Crocodilian genus, 153. 

Pleurodus Woodi, 624. 

Pleurotomu multistriata, 321 . 

Pliocene beds, Mr. Newton on ante- 
lo]>o remains* in newer, in Britain, 
280. 

Poecilodm corrugatus, 625. 

Poikilitic? strata in the Richmond 
well-boring, 749. 

Polkerris Cove, section through, 462. 

l^lyrhizodus Colei, 622. 

Polyzoa found in tRe boring at Rich- 
mond, Mr. Vine on, 784. 

Ponte doi Preti, section across the 
Cliiiisella, at the, 862. 

Porthalla, section of cliffs near, 461 ; 
section from Poncra Head to, 462. 

Cove, plan of broken ground 

near, 465. 

— ^ ^ Collins on tlie serpen- 

tine and associated rocks of, 458. 

district, map of the, 460. 

Porth-clais, plan of Allan valley at, 
532 ; sketcii of quarry in the Allan 
valley on north side of, 539; of 
quarry between Rhoscribed and, 
534 ; sketeh in Allan valley at, 532 ; 
section to, from near Castell, Ram- 
.sey Sound, 535. 

Porth Hayog, view in, looking south, 
305. 

Portli-lisky, sketch of cliffs in East 
Harbour, 540; and Ramsey-Sound 
area, Pre-Cambrian rocks of, 540. 

Porth-melyn, Cambrian and Pre- 
Cambrian rocks in, 529. 

Porth-Seli, section from, to Peu-y- 
Cyfrwy, 524. 

Porth-y-gwichiad, overfault in black 
shale on, 570. 

Portlemouth, chloritic and mica- 
schist on shore south of, 8. 

Postglacial ravines in the chalk 
wolds of Lmcolnshire, Mr. A. J. 
Jukes-Browne on, 160. 

Prawle Point and adjacent coast, 5 ; 
section on shore east of, 6 ; section 
of about 1^ mile of coast west of, 

8 ; microscopic section of chloritic 
schist from the west side of, 16. 

Pre-Cambrian rocks (the so-called 
intrusive masses), Dr. Hicks on the 
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Cambrian conglomerates resting on 
or in the vicinity of some, in Angle- 
sey and Caernarvonshire, 187. 
Pre-Cambrian rocks of Pembroke- 
shire, Dr. liicks on the, h07. 
Pressure structure in banded rock, 
19. 

Prince’s Dock, Bombay, Capt. Stifle 
on fossil wood from the, I^oc. 4. 
Pristioladodus cooicinnuti, 021. 

deniatiis^ 620. 

Pristodus falcatus^ 023. 

Protocyathus, 834, 835. 

Psammodus rugosus, 029. 

Pulvinulina ckgans, var. tcnclla, 771. 
Pyroxene, dominant, of the Whin- 
Sill rocks, 04(» ; analysis of, 048. 

, rliombic, of the Whin-Sill 

rocks, 052. 

' — , colourless monoclinic, of the 
Whin -Sill rocks, 053. 
Pyroxene-andesites, Japanese, 431. 

Quingiudoculwa^ sp., 709. 

Badiopora pifsiulosa, 851, 
Railway-cutting at Guildford, Licut.- 
Col. Godwin- Austen on the new 
590. 

Rake reservoir, plan of miniature 
delta at, 203. 

Ramsey Island, Cambrian and Pro- 
Cambrian rocks of, 5-15. 

Sound and Porth-lisky area, 

Pre-Cambrian rocks of, 540. 

Reade, Mr. T. Mellard, on a delta in 
miniature, 203. 

, OTi ripple-marks in Drift in 

Shropshire and Cheshire, 207. 

, on rock-fragments from the 

south of Scotland iiribedded in the 
low-level boulder-clay of Lanca- 
shire, 270. 

Recejitaculitidae, Dr. G. J. llinde on 
the, 795. 

Beoeptaculites, 821. 

arcticus, 845. 

australis, 844. 

calcifcrus, 845, 

? canadensis, 844. 

? carbonarius, 845. 

? dactioloidcs, 840. 

devonicus, 8^>. 

? elegantulus, 846. 

■ ? insularis, 840. 

Neptuni, ^1. 

■ occidentals^ 842. 

orbis, 843. 

■ ? reticiilatus, 840. 

• ? rhombifer, 845. 

sacculus, 846. 


Beticulipora transennata, 689. 

, sp., 089. 

Rhabdophyllia recondita, 368. 

Rhoscribed, quarry on roadside be- 
tween Porth- dais and, 534. 

Rliosson, Pre-Cambrian rocks of, 542. 

Bhi/tidoatcus capensis, a Labyrintlio- 
dont ampliibian from the IVias of 
the Orange Free State, Cape of 
Good Hope, Sir R. Owen on, 333. 

Richmond well-boring, Tertiary strata 
in the, 730 ; Chalk in the; 731 ; 
Hpper Greensand in the, 735 ; Gault 
in the, 730 ; Neoc^omian beds in the, 
738 ; Great Oolite in the, 741 ; 
Poikilitic strata in the, 749. 

Ridnnoud, Dr. Hiiide on some fossil 
Calcispoiigcs from the well-boring 
at, 778. 

, Prof. Jones on Foraininifera 

and Ostracoda from a deep boring 
at, 705. 

' — , Mr. Vine on the Polyzoa found 
in the boring at, 784. 

, Mr. llomersliam on a deej) 

boring at., 724. 

Ripple-marks in Drift in Shropshire 
and Clu*shire, Mr. T. MelJard 
Reade on, 2(>7. 

BLssoa suhpnfomfa, 320. 

W?/vinc-Th()/i/so??'i 321. 

Roberts, M r. ’f., on a mm^ species of 
Conoeeras from the LJanvini beds, 
Abereiddy, Pembrokeshire, 030. 

Rutley, Mr. F., on strain in connexion 
wdtii crystallization and the develop- 
ment of perlitic structure, ,‘140. 

St. David’s district, geological sketcl) 
map ol' the, 295. 

St. David’s, Prof. Blake on the vol- 
canic group of, 294. 

Dr. Hicks on the Pre-Cambrian 

rocks ol’, 507. 

, IVo-Cambrian areas near, 520. 

St. David’s and Allan vall(% 544. 

St.Patrizio,VallonR, section in the, 111. 

Salcombe, 9; section near west side 
of estuary at, 1 1 . 

Saliferous marls, Mr. C. Parkinson 
on, 248. 

Sandalodiis minor^ 020. 

Sands, Pleistocene, observed in the 
new railway-cutting at Guildford, 
Lieut.-Col. Godwin-Austen on the, 
599. 

Sandstone of Penrith, Mr. G. V. 
Smith on new discoveries of foot- 
prints in the Lower New Red, 479. 

Saskatchewan river, south, section on 
the, near Medicine Hat, 381. 
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Scotland, rock-fragments from the 
south of, imbedded in the low-level 
boulder-day of Lancashire, Mr. T. 
Mellard Reade on, 270. 

Scyphocotnia exceha, 705. 

stammifera, 704. 

Seaton and narliey dykes, 237. 

Section, microscopic, of mica-schist 
from the Bolt Head, 15. 

, microscopic, of cliloritic schist 

from the west side of Prawle Point, 
16. 

Sections: on shore east of Prawle 
Point, 6 ; of about 1^ mile of 
coast west of Prawle Point, 8; 
of chloritic and mica-scliist on 
shore south of Portleiiiouth, 8; 
near west side of esl uary, Salcoiribe, 
11; near Bolt, Tail, 12; in the 
n{)rth bank of the Lagno di Troc- 
chia, 87 ; in t.lie Yallonc Si. Patri- 
zio. 111; across ravine soutli-west 
of llal.cliffc, 161; from 'J \n-y- 
wyn, by Llanfacilog, to Ty-Croes 
railway-station, 163 : from* south- 

. west of Llandcleinioleu to Llyn Pad- 
arn, 168; in quarry near Cockfield, 
210 ; of dyke in coal-measures, 
Boldcin Pit , 231 ; of tlic Soutii-Devon 
coast, Irom Budleigh Salterton to 
Sidmouth, 258; in miniature delta, 
Rake Reservoir, 264 ; at Ketley, 
near Wellington, Shropshire, 267; 
of ripple-marks at, Ketley and 
Tranmere, 2()8 ; on South Saskatch- 
ewan river, near Medicine Hat, 
381 ; from the Rocky Mountains to 
Cyj)res8 Hills, 382 ; of quarries near 
Meerane, in Saxony, slmwdng junc- 
tion of Zechstein and Buntcr- 
schiefer, 361 ; near Eppignellen, 
390 ; across Gdpelskuppe, near 
Eisenach, 393 ; on w estern side of 
Thuringia combining sections on 
the Werra- railway, from Kdrtha 
to BurckliJirdsrodn, 395 ; of clifls 
near Porthnlla, 461 ; from Penera 
Head to Portlialla, 462; of hill 
near Penrith from which footprints 
were obtained, 479 ; of borings, 
showing the range of the Palseo- 
zoic rocks beneath Northampton, 
496 ; from south side of Porth- 
Seh', Whitesand Bay. to Pen-y- 
Oyfrwy, south-east of Nun’s chapel, 
524 ; showing Cambrian conglome- 
rate resting on edge of Pebidian 
beds in cliff south-east of Nun’s 
ehapel, 525 ; from the coast to 
Bryn-y-garn, 530 ; from near Oas- 
tell, Ramsey Sound, to Porth-clais, 


635 ; showing contact of Cambrian 
with Dimetian in cliff at Ogof- 
llesugn, 537 ; in cliff between Oas- 
tell and Ogfeydd-duon, 542 ; across 
the Palaeozoic rocks of Northern 
Anglesey, 570; from Tywyn to 
Llanfaelog, 573 ; from Llechyn- 
farwy to Cwaen-hen, 575; from 
west of Bryn-gwallen to Clymwr, 
575 ; in Tywyn ridge, 577 ; in new 
railway-cutting at Guildford, 602, 
603, 604, 605, 610, 612; showing 
relative position of river-gravels 
near Guildford, 612; from Kim- 
berley to the Krokodil river, 661 ; 
from near Bloemhof to near Middel- 
burg, 661 ; at south end of the Lago 
d’Orta, 857 ; under Maggiora, 870 ; 
across the Chiusclla, at the Ponte 
dei Preti, near Strambinello, 862. 

Septastraea excavata, 373. 

rigida, 711. 

Serpentine and assotdaU^d rocks of 
Porthalla Cove, Mr. Collins on the, 
458. 

of Porthalla, 465 ; analyses of, 

467. 

Shell, from the “Basement” Olay 
at Bridlington (^uay, Dr. J. Gwyn 
Jeffreys on, 819. 

, Subaponnine, Dr. J. Gwyn 

Jeffreys on Brocchi's collection of, 
28. 

Shelly patches in the Bonlder-clay at 
Bridlington Quay, Mr. Lamplugh 
on the, 312. 

Shropshire and Cheshire, ripple-marks 
in Drift in, Mr. T. Mellard Reade 
on, 267. 

Shrubsole, Mi-. G. W., and Mr. G. R. 
Vine on the Silurian species of 
GiaKconoTJic, and a suggested classi- 
fication of the Palffiozoic Polyzoa, 

, 329 . 

Sidmouth. coast-secti on from, to Biid- 
Icigli Salterton, 258. 

and Budlcigh Salterton, Mr. 

A. T. Metcalfe on further dis- 
coveries of vertebrate remains in 
the Triassic strata of the south 
coast of Devonshire between, 257. 

Silurian sjiecies of Glaiiconome, Mr. 
Vine and Mr. Shrubsole on, 329. 

Simpson, Mr. Martin, award of the 
Murchison Geological Fund to, 
Proc. 32. 

Skull of a Triassic mammal, Sir 
Richard Owen on the, 146. 

Slate of Porthalla, 463. 

Slaty series of South-Devon coast, 17 ; 
peculiarities of structure in the, 18. 
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Smith, Mr. G. V., on further disco- 
veries of the footprints of vertebrate 
animals in the Lower New Red. 
Sandstone of Penrith, 479. 

South Africa, Mr. Penning on the 
high-level coal-fields of, 658. 

, Sir R. Owen on a Triassic 

mammal from, 146. 

South-Devon coast, foliated series of 
the, 13; physical history of the, 
23. 

, Prof. T. Or. Bonney on the 

geology of the, 1. 

South -Wales Lias, Mr. Tomes on the 
Madreporaria of the conglomerates 
at the base of the, 353. 

Spearing, Mr. II. G. on the recent 
encroachments of the sea at West- 
ward Ho !, North Devon, 474. 

Sphsrospongia, 816. 

tesscllaia, 840. 

Spirillina crassa, 770. 

helvetica, 770. 

Spmgia paradoxica, Prof. T. M‘K. 
Hughes on the so-called, from the 
red and white chalk of Hun- 
stanton, 273. 

Stanley, Mr. W. F., on the assumed 
amount of energy developed by the 
secular cooling of the earth as 
stated in two papers by the late 
Robert Mallet, M.A., F.R.S., in the 
‘ Philosophical Transactions,’ Proc, 
67. 

Start Point, from Torcross to the, 3. 

Simeosaurus, skull of, 158. 

Stiffe, Capt. A. W., on fossil wood 
from the Prince’s Dock, Bombay, 
Proc. 4. 

Stock, W. F. K., Esq., on the action 
of hydrochloric acid on the rock of 
the Cockficid and Armathwaite 
dyke, 224. 

Stomatopora dichotoma, 786. 

granulata, var. minor, 688. 

Waltoni, 787. 

Strain, Mr. F. Rutley on, in connexion 
with crystaUizatioii and the develop- 
ment of perlitic structure, 340. 

Strambinello, section across the Ohiu- 
sella near, 862. 

Streptelasina Romeri, a new coral from 
the Wenlock Shale, Prof. P. M. 
Duncan on, 167. 

Structure and classificatory position of 
Micrahacia coronula, Goldfuss, sp.. 
Prof. P. M. Duncan on the, 561. 

, perlitic, Mr. F. Rutley on strain 

in connexion with crystallization 
and the development of, 340. 

Stylastrsea dendroidea, 371. 


Stylastrsea insignia, 371. 

Martini, 370. 

minuta, 371. 

parasitica, 371. 

plana, 370. 


reptans, 370. 

sinemuriensis, 370. 

Stylina, sp., 708, 716. 

Subapennine shells, Dr. J. Gwyn 
Jeffreys on Brocchi’s collection of. 


Supercytis ? digitaia, 692. 

Swaby, plan of the country near, 161. 
Syenites of Guernsey, 407. 


Talcose slates of Porthalla, 464. 
Tan-y-bryn, section from, by Llan- 
faelog, to Ty-croes railway-station, 
193. 

Teall, Mr. J. J. H., petrological notes 
on some North-of-Eneland dykes. 
209. 

, on the chemical and microsco- 
pical characters of the Wliin Sill, 
040. 

Temperature, underground, observed 
in the Richmond well-boring, 728. 
729. ^ 

Terebellana incresccns, 793. 

Terrestrial and freshwater animals, 
Prof. T. M‘K. Hughes on some 
tracks of, 178. 

Tertiary formations at the south base 
of the Alps in North Italy, Lieut. - 
Col. Godwin-Austen on some, 855. 

strata found in the Richmond 

well-boring, 730. 

Tesfiido (recent), pelvis of, Proc. 56. 
Tetragojiis Duiibyi, 838. 

cifoliensis, 838. 

par\ipora, 838. 

sulcata, 838. 

Thecosmilia Brodiei, 3()(). 

(mijluem, 364. 

den tala, 36(). 

Duncani, 366. 

Hurnmi, 364. 

? latimmandroideay 720. 

major, 367. 

mauimosa, 714. 

mirabilis, 365. 

Tugosa, 364. 

serialis, 365. 

suttonensis, 365. 

Terquemi, 366. 

Thuringia, generalized section on 
western side of, 395. 

Tillingboume valley, section across, 
612. 

Titaniferous iron-ore of the Whin 
Sill, 650. 



